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SOME EEMArdvS [TPON MATTHEW’S “C'LIMVTE AND 
BYOLFTION’’" 

T. B iitBoun 

WITH SUPBLEMIiNTARY NOTE 
Br W. D. Matthew 

{Freseniei ly iille before Ihc Academy, 13 December, IflW) 

“Climate and Evolution,” which is really more than its title would 
imply an essay on the origui and dispcisal of vertebrnte life, appeared 
in Pebniary, lOlf), Irom the pen of Dr. W. D. Matthew.® It is by far 
the most scholarly and carefully constructed essay of its kind whicli has 
appeared and it demands a careful reading by all who take interest in 
perhaps the greatest of biological problems—^thc why and wherefore of 
the dispersal of animal life as we dnd it to-day and the past history of 
present conditions. 

Matthew’s thesis, in a few words, is tliat the permanence of the conti¬ 
nents and ocean basins is a surely established fact, that cyclical climatic 
change has been tlio principal known cause of the present distribution of 
land vertebrates, and that tBis distribution has been effected by successive 
southward migrations from a holarctic center of dispersion, and that the 
.impetus for these migrations is to be found in the theories of the “Alter¬ 
nations of moist and unifom with arid and zonal climates, as elaborated 
by Chamberlin.” There is small occasion for me to review or criticise 
the great bulk of c^ idence which Matthew has presented, q)ceially where 
he has drawn upon his profound knowledge of recent and fossil mammals. 
In the main his contentions are highly convincing, especially where he* 
also draws conclusions from the mammals, a group for which geologic 
record is adequate in comparison with the fragmentary evidence regard¬ 
ing the history of recent birds, recent reptiles and amphibians. With 
some of these groups, as, for instance, Hylids and Cystignathids, it is 
hard to rid oneself of the belief tliat tlieir origin was antarctic and not 
holarctic, for the northern outpost hpceios seem to be so obviously the 
depauperate offshoots of the elaborate sontiieTn stock. Matthew, however, 
would argue by analogy with mammalian evidence that these species are 

1 Manuscript received hy the Editor 22 Octobei*, 3015, 

2 Ann. K T. Acad. Scl., vol. 24, pp. 171-818. 11)15, 

(1) 



l^^■ 1/.S'jo/i'A i('iin:v) or 


roeiitraiith into tin' nroii of origin, iiiid <lmi ihc nicni ivsiiK ol siu'ciatioii 
which wi* h(‘(' now iu the southern lieaUijUiiricru of ITylids aiul 
iiatlii<l» hJidWh Hint this n'^jion vas iieriplicriil in relniion lo their nren of 
oi’if(in. The step'^ ol’ reiisonini; \\liereh_\ Mnflliew !irri\es ill these cdii- 
eliisioiis lire tMiernlly presented in his essay and lliin'e is no ohjeel in 
reconnlinij; Ihe7n hi'fe. 

Tt is ol tlic neiieral (pieslion of land hridf^os and of the relation ahieli 
fioine islands bear to eonthieiils that I have been Ihinkhi}' for some time, 
and it is only boeanse f have liad some Held cxporionce and have {liveii 
thoiif'ht to those matters that f have the temerity lo take issue with Dr. 
Matthew, knowing full well that many will maintain that his opinion 
outvreighs mine—^a possible lussertion I am by no means ready to deny. 

I take eweption to statements such as Ibis, where in speaking of land 
bridges (p. IfO) Matthew says, “T can see no good reason why the only 
animals wliicli availod themselves of such eontinental bridges should he 
tlic ones which might bo accounted for in other ways, wdiile tliow* wliieli 
would furnish conclusive' proof are invnriahly almnil." (flnlies are 
mino.) T have maintained elsowhcro that a waif fauna is easily reeog- 
ni’/icd as such, and that the prosouee of burrowing iiiuphihin, onyclio- 
phoros, cyprinodont fishes and many other groups of delicate orgjuiisms 
which are balanced to one particular environment cannot by any stroteh 
of the imagination be distributed by "flotsam and jetsam’’ methods; and 
further that the element of the vast extent of geologic timo does not in 
any way aHect tlie probability of such dispersal, since it cannot lie sup¬ 
posed ever to occur. 

Again, on page 18T, wi* road that Austromalaya is the debatable ground 
between the Oriental and the very distinct Australian region; hut tliut 
the consensus of opinion classes it by preference with tlio Ansiralinn, ft 
includes, we arc told, Celebes, the Molui'cas, Timor and the smaller 
islands and is separated from the Oriental region by "\Valln<H‘'H biiK'." 
•This is suroly a slop backward, for "Wiillaco's Lino” marks |lu‘ limit of 
but a small fraction of the wludo species total of the indonesiaii fauna, 
while the area from the DesRer Siindn rslancls and CelelK's on the oiui 
hand to Papuasia on the oibor l•opreseJds a great transit ion zone, where a 
dominance of Malayan typos may be found iu the western part which 
merges into a predomiiuniee of Australian tyjH'S in Papua. There is no 
real boundary line in the oiitiro area and no reason to expect one. 

Again Dr. Matthew in his "Summary of Evidence’’ (p. 30H) slates 
that "the continental and oceanic areas are now maintained at their ilif- 
ferent levels chiefly through isostatic balance and it is dilTicult to believe 
that tliey could fomiorly luivo been reversed in any extensavo dograe.” 



}i [latonn, i/.ir77//;ir’^f “mj/177; [yn KyouiTio\" ;i 

Then, oil page 309: "Aribe of 100 fathoms ivnulil unite all lliu eoiitinonts 
auti continental islands, esuept perhaps Australia, into a single mass, but 
u'oulcl leave Antarctica, Notv Zealand, iMadagasear. (hilm and nianv 
smaller islands soparaii'.” Those four ari'as llattlu'W lielieNes to Iia\e 
been always isolated islands, and if we luii show a probability that any 
one of them was continental, we can at least niaki" more rc-asonablo a 
proposition that they all wore once united hi some other continental liuul. 
This point will be returned to later on. 

Now a word regardine: isostasy. There is hardly a principle in geology 
concerning Tvhieh there is greater uncertainty among geologists than the 
matter of isostatic balance. Only om* thing is sure, isostasy must meet 
and conform to known or pi-esumably known facts, and the fact that 
fundamental changes ha\c taken place in tlie form of the earth’s surface 
in recent geologic time is not to ho ilenied. Sncli features as the Great 
Eift Valley of Africa and its continuation, the Bed Sea and the Dead 
Sea, the Black Sea, the Basin of the Meiliterranean, are held now by 
geologists to bo the results of nothing but gigantic and not at all ancient 
down-thrown fanlt-blocks. For other examples of changes of laud and 
sea level with relation to each other, the Valley of tlie Po and the Oontral 
Valley of Califoniia are good evidence. The argument of isostatic bal¬ 
ance may probably bo held to control the e/mditions in the Pacific Basin 
as a wliole, Init isostasy cannot be used elfeeiivcly as an argument in a 
relatively small area anywhere. Prob'ssor E. .\. Daly tells me that there 
is clear evidence of the fragmentation of a great land mass, iuclnding the 
Fiji Islands and New f'alcdonia, but iliat there is no evidence kaowui at 
present of such a condition outside of a line joining Yap, in the Oaiolinc 
Islands, the Fijis, Nennadccs and New Zealand. Besides this radiolarian 
ooze has long bt-en known from Barlmdocs, Trinidad, Anilm, Biien Ayre 
and OuraQoa, supposedly only to be derived from the deep sea, but the 
origin of this series of ile])osiis has boon somewhat in dispute. Two re¬ 
cent pa()crs by Dr. G. A. F. Molongraff, however, describe doposifs of* 
which there cau hartlly bo any question whatever; one is "On Oceanic 
Deep Sea Deposits in Central Borneo,” ^ while llio other is ontilloil "Over 
mangaan Kuollen in mosozoisehen diopzceatzottingcn van Borneo, Timor 
en Eotti, bun hoioekenis eii liun wijzcr van Opstaati.’’^ Those papers 
show tliat on the islands of Borneo, Timor and Eotti, at an elevation of 
about 4000 feet, very extensive deposits occur which a microscopical ex¬ 
amination shows to bo composed of radiolaria, together with the manga¬ 
nese nodules so characteristic of the deep sea. In other words, MolongrafE 

■* Kon. Ak. Wet. AmHterdam, Reprint from Proc. of mpollnjr June 2C, 1000, pp. 141- 
147. fReprinl. pp. 1-7.] 

^ Kon. Ak. Araeterdam, val. 23, pp, 1003-1073. fUeprlnt, pp. t-10.1 
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has touJuT nu extousivo aiva of d(' 0 |i scsa floor raisc'd lo tOOO jVol al»oM' 
the proaont hon On tlic soiitlioasl coast of Africa, W. M. Oavis 

uoticoil Iho trtiiK'aOoii li.y lli(“ present sliorc liin* of exlcnsive conc('nlri(‘ 
kmcoR, Iraceable far inland, wliicli c(»idd only mean (lii> do\\n-laiiliini> 
of a f;ij>anlic block of nialerial lo brinjf (lie sliore line inlo il^ present 
state. It will be said at once (hat Rome of (Iieso chaiif'i-K of l<>\el lm\e 
taken place in zones known to be in hicoinplelo iHOR(a(ic ailjuslnieiii, but 
this is a matter of no moment wlndsoover in compariHon will) (he fact 
that change of level may be foriiul lo have occurix'il in (he very areixR 
where the islanils under diseussioji are to bo found. Celebes does not li(* 
upon the continental shelf and yet the iRland has an obvioiisl.v eontinenial 
fauna, and Dr. Mat.tbe\v has told me himRclf that Celebes has beim n 
source of no Rinall worry to him. (Juba has similarly a largo fauna, de¬ 
rived from the American continoiil, although it does not lie* upon Ibe 
continental shelf. Vaughan, a thoroxiglily consm’vntivo observer, believes 
(m litt.) that Cuba was quite possibly separated, by the down faulliug 
of blocks of material, from both TFoiti and llie mainland. Dr. Malfhevr 
(in litt.) says: "The fault block theory is of couiw a very familiar one; 
its application to coulineulal inovomonts is undoubtedly exteimive, al¬ 
though it is just now somewhat of a fetisli among siratigrapbers, ns folds 
were fifty years ago. Hut on land tlie great fault blocks urn largely com- 
pensalod by erosion, so that they do not involve so (‘.xtensive a displace- 
ment of adjoining surfaces as ono might at first suppose. 'Plieir atipli<‘a- 
tion to e.xplain submariiK' conditiouR where such eoinpcimalion does not 
ocoxir brings them into an apparent conflict wilb isoslalic adjuslineids. 
Considering that we eannol possibly prom their resiionsibilil.v for the 
suddi'n changes from sliallow son lo abyssal ilepibs in any case, 1 am in- 
elined to avoid hasty nseripiiou to hucIi features as block-faull ing. 1 lane 
passed beyond (bo singe of immaturity wlieii oiu' is unreasonably eerlain 
about things.'’ J can only add that 1 am ns far from liidiig unreasonably 
certain rogarding isoslidic adjusfrnenls in general us Dr. MuKliew is re¬ 
garding mariiK' down faults. To the zoologist Ihese geologic problems 
seem so dilTerently in(<‘rpreled by differeiit and equally gifled and Irtisl- 
worliiy students that oim is inclined to ndcgale (hem nil to (lie limbo of 
whore “'you pay your itamey and take your choice.” 

Vastly dilTeront, however, is the matter of the zvailogic evidence pre¬ 
sented l)y the faunas of some islands ns indieaiive of the island’s geologic 
or geographic history. Ur. Matthew lays great si ress upon the ijn}K)rtaiico 
of the mammalian element in the, fauna. Here a word of caution is not 
amiss, for mammals act queiwly upon islands and often have a way of 
being most strangely ahsent, as this is the group wliieli lias grentosl difll- 
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cnlly ill surviving in a iitiiilpd aroa. Trinidad, a largo island separated 
by a very narrow strait £roin 'Vonmicla, has a roasoiiably Cull quota ol* 
maiuraalian iiihabitauls, wliilo the largo and heavily wooded island of 
Han Mignel, just oir Iho coast of Panama, has but a few small mammals, 
quite a contrast to Ooiba Island, farther north off rionduraa, where even 
a peculiar <le(‘r is known still to occur, (lorgona Island, off Oolombia, 
also with luMiriant vegetation, has a peeuliar Cebus (f/'cl’jM.s curlus 
Bangs), a peculiar Prot'chiniys, and so far as known no other mammals. 
Yet ihi'sc (liffcnaices arc all among islands on the shelf and near or fairly 
near the short'; aiul I eould multiply the examples I 
Now 1 do not iM'lit'vc, vvitli Matthew, that the Antilles are oceanic 
islands—islaiuls which liavo received tlu'ir fauna by fortuitous trans- 
portal. My reasons for tiiiiiking as I do are those: First, T believe that 
the islands of iiie Antillean chain have loo evenly distributed and. homo¬ 
geneous a fauna for it all to liavc licen forlnitously derived; secondly, I 
consuler the fauna to be composed of too many liifferent animal phyla; 
and tliirdly 1 lieiu'vo tliat many of llicse elements are not of a nature to 
have withslood “tloisam or jetsam” dispersal. Wo must now consider 
Matthew’s e.xposilinn of tlio natural raft hypothesis (p. SOfi rl, m/f.). He 
states: ‘*1) ‘Natural rafts liave been si'veral times repovtoil as seen over a 
Iiundrcd niil('s oil the inontlis of the great tropical rivers such as the 
(tangos, .Xinaaon, (iongo and Orinoco. For one such raft obscrvofl, a hun¬ 
dred have probatily drifted out that far unseen or unrecorded before 
iiroakiiig up.'^ d'his is obvious and undoubted. But, and this is most 
important, those rafts, even the very large ones, float low in the water; 
they soon beeoiut' soaki'd with salt water in a calm sea, rippled over or 
broki'ii over if tiu' sea be ehojipy or rough as it is in tlio trade wind or 
monsoon liells. Only organisms or tlieir eggs wliich are encapsulated or 
otherwise naturaily resistant can witlistand these eoiulitions. Molluscs 
arc Btimulatod to ai'livity by (lainpi'ning, hut most arc killed by salt 
water- altiiougli some siicli as fVrion are resistant. Heines and Gekkosi 
show l),y tiieir distriluitioii that tlicy may 1m citrried about in this way. 
Ainphihiaim, anipliislwnians, naked gastropoils, earthwoms. fresh-water 
tlshcs or nrnyfislu'K, Peripatiis and a host of sm-li delicate creal.nros simply 
cannot withstand salt water. No sueh cn'atiires have ever boon obsorved 
upon any raft, of the very few recorded, and to transport cyprinodoiiis, 
ampallarias and tlie host of other fresh-wator types one meets with in 
Ouban jmiids, for inslanei', the raft would have to include a puddle, at 
least, of fresh water. Supposing that an amphishicnian, to take a good 
example, withstood an ocean voyage upon a raft, how would the kndiug 
take place? The raft would have to make a haven and then ground in 
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such n Auiy’ilini a \c‘i \ d(‘li<‘nl(*, 1>IiihI mikI liznni would ho oiiahh'd 

io Toaeli a siiil{il)](‘ (Mu iroJiiiuuii on slion*. I oii!^ ask ilu* n‘a(lor lo Iranip 
Wcfti rjidiaii slioit's willi (liis in mind. II a pair or a uonid rmnalo did 
not iuak(' tlic‘ \(pau(' (ho prooo^s would liavo lo h(‘ rojus'ilod prompll\. 
Now c*onsi<lor (la* iiiimhor of rail*' oaoli of wdii<‘h W(aild lia\o lo ('arr\ an 
amphihian or a pair of Ihom and whioli would ha\o lo s(nrl on ihoir 
]oiirjm)h bfloiv oin' would nsaoli shorn w» ns lo piU'inil a landing sut*li as 
Tlm\u iiidh'alod Think ol* tlio niimiKW hrokoii up al ^oa, and Iho slill 
gi’ouhT jiuinhor hrokcui iij) on a lropi(' luwli - wdn‘n‘ Iho sun would in 
slantly kill (-rawling ainplii^bamians and W(‘ b(‘(‘ al oin-n how (‘\tM*ssi\i‘l\ 
improhabh^ is a shigk^ oonnrroiu-n smdi as Ibis. Ihii lha iniporlanl poini 
is Unit fi\(» \V('sl rndian Islands support p(‘ouliar ainjiliisbaaiians; two 
spctdes («‘ciir ipion (hiba, two ollnu’s rnlaiad to ilu^so iwo on I la ill and 
two utlnuN similarly ridahal lo tiu* Haitian t^pc'S on Porlo l{i(‘o, whilo 
but ono iypi' is as ynt known upon Si. Thomas ajid Sla. Triiz. To ao- 
oount For 11u‘ pnwneo of those (‘n^atums, lln*n, (‘ighi prai-lit-ally ineon 
({oi\able voyages must he posliilal(‘<l, and I have oidv (-iled one imi)rob- 
ability out oF mniij luiudrod iieei'ssary lu d(*riv(‘ all ihe organisms prm*- 
lically or wdiolly iiu-apable of sueh m\ travel and wliieli are Found in the 
Qrontor Aiitillos, A few sueli cases as Ampliisbama settle ili(‘ sinlus <»f 
llic greater Antillean fauna to my luiml absolut^dy, pam-ily of mammals 
and possildy dispulabli* geologic (Wid(*nee (o th(‘ ('onirary iiotwdlhslnmling. 

Matthew's s(*eoiid preinis(j is: "‘S) Tin* tiirn* of siudi observaliori ol 
rafts covers about three* (M‘nturi(*K (I S(*t aside the period of rare* and oe 
casional exploring vo'agi‘s’). Tin* duration of (’i*nozoio tinn* mav be 
assiinmcl at three million v{*ars (\Val(*olt^a ostimale)/' Hut is it ind Inn* 
that lliis jmiltipli(jation of tinn* or any oih(*r, of (*ourse, alTeds only the 
iunnber of rafts and does not in anv way alt(*r (he resislaiu’e lo raff eon 
ditions of tin* erealures wliieh I have alread;\ chosen ahnvi* as <*\amples 
or the possibility of lh(*ir Ix'ing abb* io swim* It reall) enrri(‘S no weiuhf 
mn this <*oiim*(-(ion. 

Aral(lu‘\\ s third iioiiit: “II) Hiving juammals liavi* l«‘eii ot-easiomill;^ 
obs(‘iwed in sindi r(‘<*ordh of nalural rafts, Asstiim* (In* elianee of their 
occurroiie(j (mueh gn‘al(‘r than of their pim*nee heing noted) al om* in 
a hundred,'” We rendiJy agree lo the aHHum[)lion and know lluil during 
the few\\ears of human observation rafliiig nianiinalH ba\i* b(*en observed. 
It o<-(3Urs to us, ho\v(*\er, that multiplying the Ibrei* humlivd yi‘arH’ time 
of human voyages by the l(*n Ihousuud necessary to oecu])y even tin* short 
CouoKoie period and then with this condition im*l, we find mammals 
injinilchf ram upon all islands than they should be if rafted a<*cordiijig 
to Mattliew’s })()Htu]aie. Similarly wo find many of Ihe r{*i)ti]cH most 
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capable of wUlislniidinjiij ininspoii !>} rafts conspiruoiisly ahsoiil in llio 
West lii(li(‘s; for tAjunplis IJasilisnis, ahuoht Monitopialiii, is nbsoni in the 
Antilbss, jiK Varaniis is abstnil upon ]\la(lnt>as(*ar: llioy N\oro po.sHil)I,y ilo- 
ri\{Ml in nninuon with many olhor of tin* islands’ ori/^inal ooniiimiilal 
inliabitnnhs and ha\<‘ faih‘d to ,siirvi\(*. W(* Iviiow that somo adiadaiiss 
and a fow rodonis lia\(‘ la^'otm* oxlimd* in tlio Wh'si Indios, Hnno witliin 
th(‘ bml half <'onlnry ; why, in sonm cawss, wo cannol prolmWy moro 
have pfono Iho saino way, <»f wdiiidi wo havo nni'oriniiatoly no fossil re¬ 
mains. So also Iho boa oonslriofor, \vln<‘h has Iioon ohsiM’vod to lx* oarriod 
onoo to HI, Vin(*<‘ii( from (la* Orhioooand whitdi has ])ml)ahly come ooui- 
paniti\(‘ly ofion, has n<‘\(*r su(*(X‘tMl(»d in oslablisliin^ ils(*If. Why soino 
typos fail to sniw i\o np<ai islainis while oihors of appnroniI\ similar liahit 
flonrish is oin* of Iho onitfimis for whi(di no mile* (»f answer lias appoar(‘d, 
Matthew’s ar]L>union(s, wlihdi he numbers 1 and o, in<‘i\ l»o oonsidered to- 
goilior: Tlinx* liiiinlnxl miles drifl would readily ivaeb any of the 

larger oeoanio islands (‘\<x‘pt New Zealand. Assume as oin* in ten llio 
probability that lb<‘ raft drifted in snob a diroetion as to reaeh dry land 
wiihhi three lnimlr(*d miles, o) Jn ease sueli animnls reaehed tlie island 
ahOTOfl and tin* eiiNiroiumml alTorded them a faNorable opmiing, the pro()a- 
gation of the raee wmnid nx|uire either tw'o indi\idnals of ditrenmi M‘\es 
or a gnu ill female. Assume tin* proliahility of any of the iiasseiigors sur¬ 
viving till' dangers of landing as one in three (by lading drawn in at the 
mouth of some tidal ri\t‘r or ])roi(‘eled ijih*!), of landing at a point vvlnu’e 
the environment was suniei(‘nlly favorable ns om* in t(*iu the ehuiu'es of 
two ijulividuals of <Ii(1Vr<‘ii1 se^<‘s b(*ing togelh(‘r might he assumed lo he 
ono in ten, llie alferiiafe of a gravhl female as om* in (he. The. <*hanee of 
the two liappeuiiig would he 1 '10 -j l/or-.-.;] 'I0, The ehanee of Iho spe¬ 
cies obtaining a foolhold would Ihen he iJ/IO [ l/l) -[ l/IO rrr: 1/100,” 
ITolhon eonliuues, “If tluMi we allow (hal ten sneh eases of natural rnfls" 
far out at si*a Inui* been reported, we may <*oneede that 1000 iiavc* prob¬ 
ably ocenrnMl ill Ihri'e eeiituries and 110,(100,000 during Ilie (Vno'/oi(‘. 0^ 
these rafts, only 0,000,000 will have had living mammals upon tlimn; of 
tlieso only 00,000 will have reaelaxl land, and in only OOO of thesi* east^s 
will the spe<*i(*s have (‘stablished a foolhohh This is quite sulTieieni to 
cover till' dozen or two I'aw'S of Manimalia on tlu^ larger o<*eani<j islands, 
lun(‘ eonsid(‘red tlie (*iise only in relniioii to small jmnnmnls. With 
reptiles and invertihraliss, the proliabilities in the ease vary widely in 
dilforenI groups, Iml in almost e\(‘ry infitnne(‘ lliey would bo (*onsidoral)ly 
gpeat<ir than with mammals. Tin* (d)ain*e for transport at ion and survival 
wouhl be larg(*r ami the gcologie time limit in many inslanoes inneli 
longer. Wind, l)irds, small Heating drifl and (dher m(‘thods (if aeeiilontal 
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transpoitation mar Iia\c ]»la^cll a inoro impoitant part with iaverte- 
bratos, although they cannot be intoked to account lor the distribution of 
vertebrates. The much larger raiiety and wider distribution on infra- 
mammalian life in oceanic islands i« thus quite to be expected. And the 
extout and limits of such distribution are in obtiously direct accord with 
the opportunities for over-sea transportation m different groups.” 

In the estimate which Matthew ha's made there seems to be an obvious 
error, for should we postulate 1000 rafts in 300 years we would have 
10,000,000 rafts during the 3,000,000 years of Cenozoic time, not 30,000,- 
000 as Matthew has it, and the chances of the whole concatenation of 
events are reduced by 66 per cent. But even this reduced estimate would 
if true bring more mammals to most islands than we find. Lot us, how¬ 
ever, for the sake of argument, admit that some mammals might be 
transported in this way, is the premise true that other creatures will be 
more easily carried ? Some will, and these tj’pes by their haphazard oc¬ 
currence can now be recognized easily; others most certainly will not. 
Matthew has not realized the enormous sum total of different species 
which go to make up tlie fauna of such islands as Cuba and Haiti. Such 
a vast number of species would require squadrons of rafts at frequent 
intervals, even if only ancestral stocks were transported from which many 
species arose after coming to the island by some sort of adaptive radia¬ 
tion. Another important point has also been missed. Almost all of these 
isolated groups of individuals have grown to be well differentiated 
island species. Distinct from the related forms of the mainland and 
neighboring islands, they represent types evolved in complete isolation; 
an occasional raft bearing individuals from the parent stock would by 
preventing breeding in, at least in some caseS, prevent spociation by isola¬ 
tion taking place. 

Let us for a moment consider the Antillean chain as a whole; it is 
utterly impossible that ocean currents could now or in the past have 
^brought rafts with equal frequency to all parts of this island arc, and yet 
the same types reappear upon island after island all the waj from Cuba 
to Grenada. Eafting from island to island could cextaiuly not have oc¬ 
curred, since there could never have been large rivers on them had they 
always retained their present size. The fauna is far larger in uumber of 
species upon the Greater Antilles than upon the Lesser, as the conditions 
favorable for the survival of species are obviously better upon the large 
islands with their luxuriant vegetation than upon such barren islets as, 
for example, Sombrero or Sedonda. The types, however, which have been 
able to survive upon Sombrero or Saba are just those which are found, 
along with many others, upon Cuba or Haiti. In my “Herpetology of 
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Jamaica” and “Zoogcogra23hy of West Indian Eeptiles,” I have gone into 
this matter in detail and there is no need of repeating what has been said 
there. This homogeneity of the fanna is the best possible proof that 
winds (tornados, hurricanes etc.), birds, small floating drift, etc., have 
played no considerable part in populating the island by carrying eggs or 
adults, since it is inconceivable that by these means the same improbable 
choice of passengers would be carried to so many islands. 

Matthew, upon the basis of the mammalian fauna of Madagascar en¬ 
tirely, he believes, derivable from a few waifs, and from the fart that the 
island is not upon the present continental shelf, concludes that it is an 
oceanic island. Wo may grant that all the lemurs have radiated from a 
single type, and this may have been a waif type—all this for the sake of 
argument—but what does the rest of the fauna show? We And abundant 
amphibians of many different families, as well as a great host of other 
land and fresh water organisms which cannot by any stretch of the im- 
agiaation be considered as more probably capable of surviving raft trans¬ 
port than mammals, nor in very many cases of possibly surviving such 
transportation at all. Yet such types as these are most abrmdant upon 
Madagascar, in individuals and in species—species representing wholly 
ruirelated mainland stocks and not those which might possibly have arisen 
after coming to the island. 

l^fy friend Dr. Q. M. Allen has contributed the following note regard¬ 
ing Madagascar which is interesting in this connection. He writes me: 
"The total absence from Madagascar of any native species of the typical 
Murinae seems to be a striking bit of negative evidence against a rtance 
population of the island. All the nine genera of indigenous rodents are 
Cricetine in their afiBuity, though now considered to represent a special 
subfamily by themselves—NesomynisB. The Cricetine-like rodents are 
abundant still in the Americas, less so in number of species in northern 
Eurasia. Tlio African Lophiomys is nearly related. If we consider the 
more specialized typical Murinse as representing a later developmcait oi 
the Muridae, it is easy to account for their absence from America, if for¬ 
merly, as now, their nortliwurd range did not extend to the East Siberian 
region, whence they could have crossed by land bridges if such existed. 
That no member of so widespread and successful a type in the Old World 
as Mus (in the broad sense) has reached Madagascar, it seems evident 
that it is because none have been able to cross the intervening water. If 
nine distinct genera of Cricetine-like rats or their ancestor or ancestors 
could have rearted Madagascar by chance methods, it seems inconceivable 
that no single Murine could have done so, despite the great adaptability 
and abundance of the representatives of this gronp. The most attractive 
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► siilanatitiii ol‘ tl^i^ I'oct i-. I'lat tlic amie |>riiniti\e Crketuie-iike rodrats 
rwihed ^la(laga-( tir liy lainl I'niiuwairtu from Africa aud that they we 
suh'CijW'ullT isolated therr' liefore the ad\cnt of the more apeciulhied and 
'siu Ii‘«sfnl 3furiiia‘, n'hicli lja\p now tutally ivplaecd them on the main- 
lan-l." 

‘'o much for the (juc'ition of rattiiij-—«oino creatures can 1»e carried 
and some—^maiiy more—cannot .snrriTe siieh conditions. ATo may recog¬ 
nize In their haphazard distrihntion and hy their habits in the field those 
waifs whidi can withstand raft transport Yet e^en these resistant typos 
arc "sery often straiij^ely absent; there are no Yaranids in ^ifailagascar, 
anil yet we should naturally su])pose that they would he among tlie very 
first immigrants hy raft carriage. 

This whole question is really but a side issue with ^Matthew. Tie is 
far more absorbed in other prohlenns; hence it is only fair to sav that this 
island question is of secondaxy interest to him. Dr. ^Matthew’s masterly 
handling of his chapters dealing with mammals is beyond praise. lie 
has surely shown that the present distribution of most if not all of the 
'recent mammal groups may Ire plausibly exjdained without having re¬ 
course to postulating extensive changes of land forms. But ilatthew 
deals with some other matters as one witliout authoritj', and one feels 
that his opinions would he different had he seen and not nu'rely read 
about the rafts, and the landmgs of the raffs, of wliieh he mnsf perforce 
wte to pxirlain his ideas. 

ilatiT will notice trifling inaccuracies in the texl, such as the '■tafemimt 
that the large ground-birds of modem times are ‘‘to-day iicculiarly in¬ 
habitants of arid regions." There is the Yew Zealand Kiwi in the rank 
damp fern forest and the host of different cassowaries in Ceram, fho 
Patman Islands, Yew Britain, Queensland, and anyone who has ever fried 
to hunt cassowary knows how well they are adapted to getting about in 
the densest jungle in the world. Ifowevor, sneh points are of ,m» small 
«u|tort that it is hardly worili while meiitionmg fhora. My final won! is 
not to advise hut to adjure everyone who aims at a wider knowledge of 
natural history to read Dr. Iklattbew's ])a]icr. 
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SrrrLEMEA'TARY NOTE = 

Ba’ W . D. Mattiteav 

BeCore v<‘pl}iii^ to Dr. HarborirV < ritkirin I a\i11 sn} that it !■' ol the 
sort that ib i)oeuliarlY wehotiie, not uicvpIt liecati^o of its courteous and 
cousidcrate tone, but because of the author’s \rido field experience and 
knowledge oC tlie practical conditions and circcun.stauees of cnrirminicnt 
that goTern the probabilities of any theories of distribution. ITouever wo 
may differ in our interpretation of the evidence, we agree in erapha-izing 
these factors, in the impossibility of solving snch problems by the study 
of any one group of animals, and especially in the need for securing more 
complete distributional data, towards obtaining which he has devoted so 
much time and energj-. 

Many a false theory gets crystallized by time and absorbed into the 
body of scientific doctrine through lack of adeqnate criticism wIk'ii it is 
formnlated. I should be very soixy to see iliat happen to the views that 
I have maintained and hope tliat adequate and competent criticism will 
serve to sift out truth from error before they are either adopted or dis¬ 
carded. 

Concerning the question of isostatic adjustment I do not think it neces¬ 
sary to make any especial comments. I stated in the outset that 1 was 
applying the geological views set forth by Chamberlin and others. The 
evidence that Barbour cites was known to me and is covered by the quali¬ 
fying phrases that I nsed; but the general discussion of the pemianence 
of ocean basins I fdiall continue to avoid. 

Dr. Barbour devotes considerable space to a criticism of my attempt at 
a statistical pn'sentation of the possibilities of ‘‘rafting." lie is indeed 
far less critical of its assumptions than I am. I tried to make it clear 
that its sole ptxrj,) 08 e was to show that the hyiiotliesis iinohcd not “mira¬ 
cles of transportation” or iniinitesiinal chances but rt'asoiiably probable 
chances. The quite inexcusable error in my lignres ht which he calls at¬ 
tention is not really material, nor is his oonclnsion that the calculation 
shows too many mammals tor the known or inferential instances (i do 
not see that it does, by ihe way; but as the point is immaterial will pass 
it hy). The main reason for introducing n calculation Imstsl upon a 
series of lughly iucsaet appro-vimatious was to determine whether tliis 
method of tiunsportation would afford a reasonably probable alternative 
to continental eonnoction, in accomitiiig for the presence of mammals on 

® HanuRcrlpt rpcfT)y the Editor 12 Xovcflil^er, Iftin, 
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cemin oceanic islands, in which it appeared impossible to explain the 
characters ol the mammal fauna upon any reasonable hypothesis involv¬ 
ing continental union. 

"When it comes to apph'ing the rafting theort' to lower vertebrates and 
unertebrates. Dr. BarWr is quite right in insisting that one should 
hate a special knowledge of the particular habits of each group in order 
to jitJge of possible or probable methods of its transportation. Because 
I lack that especial knowledge and field experience I avoided discussing it. 
I do not know how far the rafting theorj' is applicable to account for 
their distribution, and how far it may be more reasonably explained in 
other waj's. But I do notice that Barbour appears to consider only the 
transportation of the adult animalSj and says almost nothing about the 
possible transportation of their eggs. It is just because mammals do not 
lay eggs that their presence in oceanic islands seems peculiarly difficult 
to account for, save through former union with continents. Wallace, it 
will be remembered, for this reason regarded their presence as a depend¬ 
able criterion of such union. Like most students of geographic distribu¬ 
tion. I started from Wallace’s views as a basis, and if I have modified 
them ill an opposite direction from many of my confreres it is because I 
found tliat in certain particulars they did not fit the details of distribu¬ 
tion. past and present, in the groups with which I am best acquainted. If 
mammals laid eggs, and especially if the eggs were numerous and of very 
small size, I should find it far easier—indeed quite too easy—^to account 
for their presence on oceanic islands; the difficulty would be to account 
for their general absence. It is because they do not that I was compelled 
to discuss a rather complex hj'pothesis to account for their presence in 
Cuba, iladagascar and elsewhere. There are numerous other accidental 
means of transport which might be and have been invoked to account for 
disiiersal of lower animals, btit the ones I discussed were the only ones 
that, so far as 1 could sec, would be possible for mammals. And for yerj 
Jarge terrestrial mammals these seemed to me physically impossible. But 
no such mammals closely allied to continental ones are found on any 
oceanic islands;® those remotely related are derivable from the much 
smaller and more generalized ancestors which we find living in older 
epochs on the continents, and it is these small common ancestors whose 
dispersal must be accounted for. 

It is the above considerations that underlay the remark to which Bar¬ 
bour takes exception on page %. I do not think his objection is war¬ 
ranted. for while I do not question his judgment as to the improbabilily 

•There are certain exceptions to this statement—Malta, Cvpros, Crete and Celebes. 
These exceptions do appear to call for continental union. 
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of transpo]*tiug certaui typos of arMt reptiles, amphibians or inverte¬ 
brates in the particular u ay that I have used to account for certain pecu¬ 
liarities in mammalian distribution, yet the transport of their eggs is a 
much loss serious difficulty, and there are several other possible methods. 
These have been extensively discussed by others and I need not go into 
them. While it does not seem physically possible, for instance, that a 
mammal could survive being caught up by a hurricane or tornado, car¬ 
ried a long distance and dropped, I do not see any particular impossi- 
iiJity in the transport of young or eggs of amphibians or reptiles or in¬ 
vertebrates by such means. Indeed there is con-tiiderable evidence along 
this line on record. And if it be not a phj-sical impossibility, then the 
element of geologic time Joes enter into the question of its i>robability. 

So far as the W'est Indies are concerned, I do not at aU suppose that no 
one of them has ever been united to any other. All are in lines of great 
disturbance and uplift; several are united by shallow platforms, and I 
see no reason at all against accepting Yaughan’s view that Cuba and 
Haiti were probably imited during the Tertiaiy, although now .separated 
by a deep water cliannel. The mammalian evidence would accord well 
with that view, and recent discoveries in Porto Eico rather sugac'-t that 
that island, as well as the Bahamas, may have been included in the union. 
But the mammalian evidence seems to me distinctly against any direct 
union with either Horth or South America in the middle or later Ter- 
tiaiT, and fairly conclusive against any such Pleistocene union. Indirect 
union, with an isolated Central American or Floridian island sen’es to 
raise problems of dispersal more difficult than any that it solves, because 
we have no past distidbutional evidence to go upon. It is too speculative 
to be worth discussion. 

Dr. Barbour’s criticisms deal, as he very cordially and generously in¬ 
sists, with a side issue of the main discussion in my paper. I may add 
that it is a side issue concerning which I have no desire to 1)6 dogmatic 
or positive. • 

My statement that the large ground birds are to-day peculiarly inhab¬ 
itants of arid regions should have been more carefully qualified. It re¬ 
ferred especially to the three large forms—the ostrich, rhea and emu— 
characteristic of the arid interior of iho three southern continents. I had 
not meant to say that there was any such uniform association of habitat 
as the remark may seem to imply. 

In reply to Doctor Allen’s argument concerning Madagascar Cricotines, 
the following points may be considered: 

1 ) All the Malagasy rodents belong to a peculiar group of Crioelines, 
tlie Hesomyhue: that is to say, if the classification is a natural one they 



-|i. i.v.vj.7> \/;ii io/.*A' ii'[niJUY or ^yClIJ^('l:s 

are tle'Leniled iVom a •-iimle a hiugle aneestral hpe, and as the 

■iroiii) peculiar r-i tbi I'latid tin* infcreuee would ])e that its diiloreiitia- 
tion took plixce aiti r it jvaelied tlie if-laud and not Ijid'ore. The arrival of 
tliat tv]ii-> reprc«eut- tluaclctia' mie iuxahion and not nine. 

'i) The t'rieetincs are tin* older groni», proxalent in Uolarctiea since 
the beginning of the Oligoreue and presumably widely spread in the 
Ethiopian and Oriental regions during Uio Middle and later Tertiarj'. 
Tlie Muruies are a mneh later development and comparatively recent 
immigrants into tb* tropical Old 'W’^orld. where they have supplanted the 
older Cricetinos more'completely than in the less accessible tropical New 
W orld. The Criectines hat e therefore had a much longer time than the 
Murines to reach Madagascar through accidental transportation; it is to 
be expected that the single stock whidi arrived should be a Cricetine. 

3) The Malagasy lemuroids, Gregory has recently shown, all belong to 
a single group, distuict from any of the continental lemuroids, and may 
equally be supposed to represent a single invasion. But the wide differ¬ 
entiation indicates that this invasion must be a much earlier one than 
that of tlie Crieetines. 

4) The Carnivora—^all viverrines—^are not so clearly derivable from 
a single stock, but they may be so {Cnjploproda, although highly special¬ 
ized, is fundamentally a Middle Tertiary viverrine). The date of arrival 
can hardly bo much later than Oligocene, and certainly not earlier. 

5) The iusoetivores—all Centetidoe—arc likewise derived from a single 
stock, peculiar to the i.‘>laiKls, its only continental relative being the 
Potamogalids. The diicrsity of the Malagasy Gentoiids indicates an 
early Tertiaiy invasion. 

6 ) The pigmy hippopotamus must he a late arrival, for the Hippo¬ 
potami were not evolved until the late Tertiary, and no adaptive radiation 
has occurred in Madagascar. 

7) An Eocene land connection and subsequent isolation might account 
<or the Lemurs and Centetids, hut would not allow of land invasion by 
Yiverrids, Crieetines or Hippopotami. We should expect also that at 
least some remains of the Eocene ungulates and creodonts would survive, 
since they were n(»t displaced by higher ti'pes as on the mainland. 

8 ) An Oligocene land connection with isolation before and after might 
explain Lemurs, Centetids and Viverrids, hut not the Cricetine group 
and certainly not the Hippopotami, and would he difBcult to reconcile 
with the absence of monkeys and of the primitive mminants and pro¬ 
boscideans (all already in Africa in Lower Oligocene). 

9) A Miocene or Pliocene land cmiuection with isolation before and 
after would explain the Cricctine.s, and either the Tiverrinoa (if early) 
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or the Hippopotamus (if late), hut hardly both. It Avould be irrecon¬ 
cilable uith the presence and diversib' of the Lemurs and Centetido, the 
absence of monkeyb and (d‘ the rest of the later Tertiary mammal faraa 
of Africa. 

10) A laud connection throughout the Tertiary u’ould aecomit for the 
presence of the few mammal types that have reached the island, but not 
for tlio complete absence of the very numerous groups of several succes¬ 
sive faunas which are not present The amount and character of the 
adaptive radiation among the half dozen stocks that are present indicates 
the absence of monkeys, ungulates, cats etc, in the past as well as in the 
present, as also that the half dozen diffa^ent elements of the mammalian 
fauna were due to invasion by single iypes at several different epochs. 
The indicated epoch corresponds in each case to the time at which the 
geologic record indicates that their ancestral stocks were prevalent on 
the adjacent mainland. 

11) Madagascar, it should be remembered, is an island of almost con¬ 
tinental size and great geologic antiquiiy. It is not a transitory islet, 
such as Barbour cites in support of his contention that mammals behave 
strangely on oceanic islands. If a continental fauna once gained access 
to it there would be no reason for its extinction, nor opportunity for Hie 
expansive radiation of a few stocks. If Doctor Allen’s exjilanation were 
correct, the relations of Hie fauna to the Ethiopian should l)e similar to 
those of Borneo or Sumatra to the Oriental mainland fauna, save for a 
wider amount of difEeientiation from the late Tertiary and Pleistocene 
invaders of the Ethiopian region. The briefest summary of its character, 
Budi as is given above, is enough to show bow widely it differs from that 
tTPe. 
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Inthoduotion 

The mammal remains here described were taken from a cave near the 
center of the island of Porto Rico in excavations directed by Dr. Franz 
Boas, in charge of the anihrojjological division of the Natural History 
Survey of Porto Rico, now being carried on jointly by the New York 
Academy of Sciences and the American Museum of Natural History, in 
cooperation with the Government of Porto Rico. These remains hav| 
been kindly placed in my hands by Dr. Boas for determination. Aside 
from a few human bones, tliey consist almost whoUy of the bones of a 
large rodent allied to PJayiadontia.^ With them are a few bird bones, 
too imperfect for satisfactory identification. These have been referred to 
Mr. W. De W. Miller, Assistant Curator in Ornithology in the American 
Museum, who informs me that they represent, principally at least, a 
pigeon and a parrot, the latter probably referable to the gaaus Amaaona. 

In reply to my inquiries regarding the manner of occurrence of these 

»Uannsetlpt received is tbe Editor, 27 November, IfllS. 

*Tbeie 1B a alasle dorsal vertebra of a mneb larger animal, as yet not determined. 

(17) 
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remains. Dr. Boas has kindly Cnrnished me (iu lilt.) with the following 
details; “The remains wore I’unnd in a ]lca\^ dejmsii of ashes in a cave 
in the John distru't, ])etwocu (luado and Arocilto. In the same deposii 
was tlie bui'ial ol a cliild. A \i‘ry l.irae number ul’ shells of crabs and of 
various kinds of snails vere found. The deposit was nndoubtedly arti¬ 
ficial. J do nol helioxo that it was pnreh an accumulation of kitchen 
refuse. Ti seems more likelv thal it was made for some other purpose. 
There is no indication of post-Columbian disturbance of the deposit, but 
I do not presume that it is more than a few hundred years old.” 

The mammal remains include nearly 400 pieces, representing nearly 
all parts of the skeleton, and all an* apparently referable to a single spe¬ 
cies. They are for the most part fragmentary, but some of them arc 
complete, there being entire bones of all the iirinciiial parts of the skeleton 
except the vertebra; and the feet. They are lightly coated with a gray 
ashy covering, easily removed with a .soft hmsh, and have the appearance 
and general character of leccnt bone.s, having undergone no mineralisa¬ 
tion nor much discoloration. These remains may be listed as follows: 

20 skulls, none of them (piile oompleli*. ihe occipital and parietal re¬ 
gions and the nasals being umuiIIv lacking, while many consist of only the 
middle portion of the skull. 

150 mandibular rami, including a score or more in nearly perfect con¬ 
dition; in many the amdylar portion is defective or wholly lacking. 

15 scapulae, including several nearly entire. 

1 clavicle, the distal end wanting. 

16 humeri, several complete and others nearly so. 

30 ulnae, mostly well preserved. 

10 radii, mostly in good condition. 

25 femora, some perfect, others nearly complete. 

40 tibiae, many in good condition, 

5 fibniae, mostly in fair condition. 

' 1 sacrum, almost perfect. 

SO ribs, many well preserved. 

50 innominate bones, a few with the liorders only slightly abraded, 
but tile greater part are fragmentary. 

Besides the above, there are several himdrcd fragments of little or no 
scientific value. 

These remains indicate an animal about the size of dapmiujs pUorides, 
but with a broader and shorter skull, and a slenderer body and longer 
limbs. It differs widely in dentition from Capromys, in which respect it 
approaches Plagioioiitia, as it does also in the size and shape of the skull. 
It is generically distinct from either, and may he described as follows: 



ALLEK. EXTINCT OOTODONT FROM PORTO RICO 


19 


Isolobodon' portoricensis gen. et sp. hot. 

Typo, No. 88409a, from the Cuerva de la Seiba, near TJtnado, Porto Eico; 
coll. Di\ Franz Boas. The type skull has the nasals and entire upper dentltioii 
complete, but lacks part of one zygoma and the braincase posterior to the 
fi-onto-parietal suture. 

Desobiption 

Ijkttll .—The stall (Plate I, Pigs. 3-8) closely resembles in outline and 
proportions that of Plagiodontia, being shorter and broader tiian the skull 
(if Capromys. The most nearly complete skull of the series (No. 384096), 
\yliich lacks only the nasals, the occipital region and most of the teeth, 
when laid ovei’ P. Cuvier's outline figure of the skull of Plagiodontia* is 
found to be essentially of the same size and form. The lower jaw is of 
the same size, but differs somewhat in iUo form of Idle condylar portion, 
which, however, is not well .slioim m Cuiier’s plate. The nasals axe of 
nearly uniform breadth from base io tip, wi(lenlng only slightiy and 
tmiformly from the base anteriorly. 

The most nearly complete skull of the series is above the average in 
size, and is also evidently the skull of a very old individual. This skull 
affords the following measurements: front border of premaxillaries to 
occipital suture, 73 mm.; length of frontals on midline, 28; length of 
parietals on midline, 2r»; length of rostrum, 23; width of rostrum at 
anterior root of zygomata, 13; depth of rostrum at same point, 19; inter- 
orbital breadth, 23.4; zygomatic lireadtb, 48.3; gi’oatest breadth of brain- 
ease (at posterior base of zxgomata), 24; palatal length, 33.S; breadth of 
palate between premolars, 3; breadth of palate between last molars, 7, the 
toothrows being strongly convergent. The type skull, fully adult but 
smaller and evidently younger than No. 384096, furnishes the following: 
Interorbital breadth, 22; length of frontals on midline, 25; length of 
nasals, 25; breadth of nasals at ha.se, S.2; l)readth of nasals near front 
Ixirder, 9; lengtli of maxillary toothrow (cwvn surface), 16.5; palatal* 
length, 3,3.5; palatal breadth ladwecn premolars, 2,6; palatal breadth 
between last molars, 7..”; greatest breadth of skull (behind base of 
zygomata), 26. 

The size of the lower jaw (Plate I, Pigs. 1-2; Plate 11, Pigs. 1-4* 8-9) 
varies greatly in different specimens, apparently due mainly to age hut 
perhaps partly to sex. Adult mandibular rami vary in total length (base 
of incisor to tip of angular process), from about 48 to 56 mm.; depth at 

* equal; \op6s, lobe; bBiJv -r- tootb. In allusion to title eopial lobes of the 
molar teetb. 

^Ajosl des Scl. Nat, ser. 2, VI, 1836, pL 17, fig. 3. 
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m^, 12.6 to 14.5; depth at coioiioid piores^. !< to 22; depth at condylar 
process, 18 to 24 mm. 

The maxdlart tdothioiv (croivii purlacp) laries in length, in adxilts, 
from 15.5 to 11 mm.: tlje mandilmlar t<»otluw Ironi 17.5 to 10 mm. The 
teeth evidently mcrease m size -nith age, not only in length and breadth 
but in height, becoming more hi posodont as well as larger in old adults, 
and the angles of the folds more prominent. 

DeiiUiion .—^In Gapromys the transverse axis of the molar teeth forms 
a right angle witli the axis of the toothrow; in Ptagiodontia the trans¬ 
verse axis of the molars is highly oblique to the axis of the toothrow 
(Plate II, Pig. 10); in Isololodon the obliquity is about 45° The in¬ 
cisors are weak, nearly flat on the outer face, without grooves, and rounded 
on the inner face. Their color, still well preserved, is pale yellow. 

The molariform teeth in Isololodon (Plate II, Figs. 5-7) resemble 
those of Plaghdoniia in size and shape, in the obliquity of tlioir inser¬ 
tion, and in the number of folds on the outer and inner borders, but not 
at all in the enamel pattern. They are thus modeled on a basis common 
to both types, and both thus differ widely from the teeth of Gapromys, 
In Phgiodontia the cement area of the crown surface of each tooth con¬ 
sists of three transverse divisions, united and continuous, thus constitut¬ 
ing a single sigmoid area, deeply cut by the infolding of the enamel 
border. Li Isololodon the cement of the crown surface of each molar 
forms two transverse, nearly equal oval lakes, entirely separate and encir¬ 
cled by an enamel border. The enamel walls of tlie two loops touch each 
other by a slight point of contact near the outer border of the upper teeth 
and the inner border of the lower teeth. The enamel pattern of the lower 
molars differs from that of the upper through a deep indentation of the 
anterior enamel lake by the infolding of the enamel border on the inner 
side of tibe front third of the tooth. 

AH of the molars have each two vortical ribs or folds on Iwth the ex- 
*temal and internal borders, but the upper premolar differs from the 
molars in having tliree external and two internal. The lower molars have 
each three external and two internal folds. The lower premolar has three 
folds on each side, but the anterior fold is greatly reduced in depth, and 
thus gives rise to a small trefoil termination to the crown surface of tho 
front border of the tooth. 

The upper teeth successively decrease in size from the premolar to m*, 

»If the upper molar aeries is correctly represented in Cuvier’s plate, the maxillary 
teeth in Plagiodontta have the transverse axis of the teeth nearly coincident with the 
longitudinal axis of the toothrow, while In the mandibular senes the angle Is only about 
45'', as in Isololodon. 1 cannot resist the impression that the obliquity of the maxillary 
teeth is highly exaggerated in Cuvier’s drawing. 
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which is only about half the size of m}. The lower teeth are of nearly 
equal size, except that the prcmolar is narrower tlian the molars, with the 
anterior tliird terminating in a narrow projecting terminal angle, and is 
thus slightly trilobed on the anterior face. 

Scapula. —The scapula resembles that of Caproniya pilorides,^ but is 
longer and narrower, in correlation with tlie more slender form of the 
whole animal (the skull excepted) in holobodon. It has a total length 
of 4-5 mm., and a bieadth at the middle of 21.5 mm. The free end of the 
spine (acromian process) is nearly as long as the attached portion. (For 
further details see Plate III, Pigs. 1-4.) 

Clavicle. —A single fragment, if identifiable as this bone, is much 
longer and slenderer than the corresponding bone in Capromys pilojides. 
It lacks both epiphises, but still has a length of 26 mni. 

Humerus. —Greatest length, 4.5 mm.; diameter of proximal end, 11.5 
X 9.5; transverse diameter of distal end, 11.5 X 5 mm. The supratroch¬ 
lear foramen is of medium size and the deltoid ridge is rather strongly 
developed (Plate III, Pigs. 5-7). 

Ulrta and radius. —^Length of ulna without distal epiphysis, 57 mm. 
Olecranon process is strongly developed, foming about l/6th of the 
length of the bone. All of the radii lack the distal epiphyses. The length, 
minus this portion, is about 46 mm. (Plate III, Figs. 8-14). 

Sacrum. —^The single sacrum in the collection is fortunately well pre¬ 
served. It consists of four perfectly ankylosed vertebrae and presents 
nothing of noteworthy importance. It has a length of .51 mm.; breadth 
at the proximal end, 31 mm., at the distal end, 15 mm. It is represented 
in three views, all natural size, in Plate IV, Figs. 4-6. 

Pelvic girdle. —Of the many innominate bones in the collection aU are 
to some extent abraded on their epiphysial borders, but several of them 
are sufficiently complete to show all of the essential characters. The one 
chosen for representation in Plate IV, Pigs. 1-3, of which three views are 
given, natural size, indicaie its general character. The main axis is nearly* 
straight, not slightly eomex dorsally, as in Capromys pilorides. The 
usual tuberosities are strongly developed. The total length is about 81 
mm., of which the ilium constitutes about two thirds. Greatest breadth 
of ilium, 24 mm., of the ischium and pubis, opposite the middle of the 
thyroid foramen, respectively 9 and 6 mm. The thyroid foramen is large, 
oval in outline, nearly twice as long as broad, the length in adult speci¬ 
mens being about 20 mm. 


* The only pertinent skeletal material available for comparison with that of Feolohodon 
is a Ugamental, badly diseased menagerie skeleton of Oapromps pilorides, to which my 
comparisons are here necessarily restricted^ 



*i.ViV.lL.S' -VL’II YORK ACinjJMY OF tWIEFOMS 


Tiiia and fibula. —Most of the tiljia* lack the distal epiphysis. The 
greatest length of a complete adult tibia is about G1 mm. The digital 
fossa is very decii, and there is a slight indication of a tliiid trorlianter in 
old individuals (Plate Y, Flas. 1-lj. Tlie fibulai are all cicept one more 
or less fragmentari, lacking the distal epiphysis. The shigle complete 
bone lias a length of -1J. mm. (Plate V, Pigs. 5-D). The bones of the hind 
limb in Caproniys inloiiiles are about one fifth shorter and mudi thicker 
than in Isolobodon. 


SUMMAET 

Isolobodon, like Plagiodontia, is eMdently of recent extinction. In the 
case of Plagiodontia, the only extant specimen, so far as known to me, is 
the type of the species in the Paris Museum of Natural History, described 
by P. Cuvier in 183G, to which account all the subsequent references re¬ 
vert. Cuvier had apparently only a single .specimen, sent to him from 
Santo Domingo by M. Eieord, from ■whom (hivter’s brief account of its 
habits was doubtless derived. It is mentioned as being nocturnal and 
frugivorous, its flesh as very good to eat, and that for this reason "les 
Haitiens, qui en sent tr^s friands, les recherehent si soigneusement, qu’ils 
ont fini par rendre cos animaux tr4s rare.” In all probability it ivas soon 
after completely exterminated. It is also probable that holobodon had 
already become extinct in the neighboring island of Porto Eico, doubtless 
from a similar cause, and perhaps not long prior to the discovery of the 
island by Europeans. At least the fresh condition of its remains found 
in Seiba Cave seems to imply recent extinction. 



PLATE I 

SKDZX AND LOWEB MW OF Isolobodon portoricensis goa et sp. uo\. 

Fiqb. 1 and 2.~lieft mondibnlar ramns, enter and inner views. (Natural 
Fibs. 8-8.—Three views of the type skull (Natural size.) 

Pios, 8-8.—Three views of a paratype skull, rather older and larger than the 
type skull (Natural size.) 
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riATE n 

LOWbK JAW ANP PANTiTioN OF IsolobodoQ portoricensis gen. et sp. no\ 

Figs. 1-4.—Bight mandibtilar ramus of a young adult (Natural size.) 

Fig. 5.— fjower toothrow, left ramus. From same specimen as PL I, Figs 1 
and 2. (Twice natural size.) 

Fig. 6 .— liower toothrow, right ramus, of a young adult From same specimen 
as Figs. 1-4. (Twice natural size.) 

Fm. 7.—Bight maxillaiy toothrow. (Twice natural size.) 

Figs. 8 and 9.—Upper and lower views of the left mandibular ramus shown m 
PI. I, Figs. 1 and 2 (Natural rfze.) 

Fig. 10.—Upi)er and lower dentition of Plagioiontia Mum F. Cuvier, for com¬ 
parison With that of IsoloboSmi, After F. Cuvier, Ann 
des Scl. lut, ser. 2, VoL VI, ISIlC, pi, xvit, figs, i and S 
{Natural size.) 
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PLATE III 

S 04 PULA, ETiMiiBus, HtNA AND RADIUS OD Isolobodoii portoHcensis gen. et sp. 

DOT. 

Pi68.1-4—Three Mews of the scapula and its articular face (Natural size) 
B^fls 5-7.—Three views of the humerus (Natural size.) 

Figs. 8 and 9.—Two views of the ulna (Natural size.) 

Fios 10-12.—Three views of the radins (Natural size) 

Figs IS and 14—Proximal and distal articular surfaces of the radius (Nat¬ 
ural size) 
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PLATE IT 

SACBVU Oi IsolobodoQ portoricensis et sp. uot. 

l^es. 1-S.—Three news of a right innominate bone. (Natural Mze.) 
Ei 68. 4r-6,—Three >iews of ttie sacrum, (Natural size.) 








PIAH V 

ncMtiB AND UBiA OF Isolobodon portoricensis gon. et sp. nov. 

Figs. 1-3.—Three viewH of a right lemur. (Natural size.) 

Fig. 4.—Distal articular surface of the same femur. (Natural size.) 

Figs. 5-7.—Three views of a right tibia. (Natural size.) 

Figs. 8 and 9.—Views of the articular fiices of the same tibia. (Natural size.) 
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IXKtODDOTION 

Two spedmens of fossil mammals were secured by Dr. Chester A. Eeeds 
from the Tertiary limestones of Porto Eico while on the natural history 
survey ot that island undertaken by the Academy. One consists of a 
lower jaw and tu'o vertebrse, the other of a few incomplete ribs. The 
second specimen is probably sirenian but not further identifiable. The 
lower jaw, however, is nearly complete, with the molar teeth preserved 
and alveoli of the premolars, and is of considerable interest. 

Tertiary mammals have been practically unknown from the West 
Indies. The only one recorded in scientific literature, so far as I know, 
is represented by the skuU and jaws from so-called Eocene of Jamaica,, 
described many years ago by Owen under the name of Prorastomus sire- 
noides. It is also a sirenian, of a more primitive and generalized type. In 
the March, 1914, number of the magazine "Eevista de las Antillas,” 
Senor FTarciso Eabell Cabrero has published photographs of two mammal 
bones from the Porto Eican Tertiary, a scapula and axis, and discussed 
their possible affinities. He did not compare them with Sirenia, and uat- 
rurally found the relationship to terrestrial mammals very perplexing. 
The scapula is characteristically sirenian, having the peculiar curvature 
and backward extension of the blade clearly indicated and agreeing in 
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fcatiiro.s with tlio older stages ol tlie [ralK‘(>ri(la‘. The agrees 
vclili the '^ame t\pcs, comparing uitli Ifalilherium, Imt is less certainly 
identifiable. 

The lov\er jaw Joiind ))\ Dr. Eeeds is clearly distiiiet from Promsloniu,s 
and from tlie modern manatee {Mamfvs —Trickechus), and appears to 
be related to lialUhcnum of the European Oligoeeiie. UnrortiinatelN tlie 
front of tlie jaw is missing, so that the identification is in some degn^e 
provisional: but the form, jiroportioiis and spatdno of the teeth ])reser\ed 
or indicated In their aUeoli agrees with this genus, as does also the form 
of the lower jaw. It is with some hesitation that I refer it to an Old 
World genus, hut tlie kno^ni range of the manatee in Africa and tro])ical 
America, Avith fossil representatives in Belgium as wcdl as along the At¬ 
lantic coast of the Fnited States, makes it <iuite reasonable to believe that 
Haliikemnn also ranged on both sides of the Atlantic in Tertiary times. 
Its modern descendants, the Dugongs, are found in the Indian Ocean and 
Red Sea. 

The lower jaw here described is about tlie of a manatee javr, and 
with the same great depth of angle, high eondvle, heavy eoroiioid ])r()e(‘ss, 
deep pterv'goid fossa*. It is much deeper and heavier ])Osteriorly limn in 
ProrasioniUi< and somewhat deeper xinder the molars. Three* molars are 
preserved. ..Utliough badly worn and the inner sides inu(di damaged l)y 
weathering, it is evident that they were rather short-crowned teeth of the 
■usual primitive sireniau pattern of five robust cusps arranged in tvv'o 
cross-crests and a small heel. The last molar was apparently consiilerahly 
longer than the second, with a much more distinct heel supported on a 
small median posterior root which the anterior molars lai^k. The first 
molar apix^ars considerably smaller than the secoiid, but tliis is cliielly 
dxie to its being more wornt Of the diffcrenliatiou of nn, from and m.. 
there is no question. The premedars are indicated by alveoli. (more 
probably dp^) was two-rooted, much smaller ilian ///,. \\ has a single 
""oval root, with a diastema behind it eciual to its own greater diainefer, 
is doubtfully iudi(*ated by an ol)S(*ure round alveolus with a diastema 
separating it from 

In front of this the jaw is broken olf obli<|uely and it is impossible to 
say wliat it was like. So far as they go, the cdiaraetors agree with l/ali- 
therhm Hcltinzi, save for tlic somewhat shorter and deeper posterior ])or- 
tion of the jaw, smaller molars, and greater reduction of tlie premolars. 
Prom ManafiiH the jaw differs in the reduction of the premolars and dif¬ 
ferentiation of the last molar; from Proraslomm in the much greater 
de])th of the jaw posteriorly, rodiietiou of the premolars and larger size 
of the molars. 
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sue 

External view, symphjsoal region mlshing. Tertiary Hhales near Juana Diaz, Porto 
Kico, found by i\ A. Heeds, 

Dcmoiptiox op SPEoms 
? Ilaliilirrium anfilloin^e nov. 

Tj/po: a lower jaw syinphVvseal re;>i(di and anterior teeth; the 

molars damaged ou inner side: a middle t'or\ic*al and the first dorsal 
Nortebra assoidated, neither eoinplete. 

'Tjipe hcalUtj: Shah* Iiluff, west bajik Jaeagnas EivcT;, 1 km. north, 1 
km. west of Juana Diaz. Porto Kieo. 

Horizon: Tertiary ealeart*ous shales of uiieertain age. 

Vollecior: tliester A, Reeds, X. Y. Academy of Seieiices-Porto Rico 
Survey, July 1, DU*), 

Viagnom. —Size and projHirtions of jaw^ in accord with iff. scliimi, pre- 
molars more re<Iu<^(*<l, tlie third of Lepmis) having but one root 
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and tliL* ruots of the fourth (milk-niolar, dii^) indicating a smaller tooth 
than ili(' corresponding tooth m 11. .‘irli inzi. It agrees better with Abel’s 
diagno'JT’ (Abel, 1901, p. 16, 25) of II. clirhloU Fit/., from the upper 
marine MoLis''e of Linz (Middle Miocene), but Fitzinger’s (Fitzinger, 
lsJ2) figures of the jaw in this species are not accessible. 

Prohable AifiniHes .—Accepting provisionally the reference of the Porto 
Eico sirenian to SaUthenum. it may he of interest to note whore it stands 
in the evolutionary history of the Sirenians. 

It is senerally accepted at present that this group is descended from a 
common stock with the Proboscides—^that is to say, tliey are derived 
from terrestrial ungulates with short five-toed plantigrade foot, a com¬ 
plete series of teeth, bunodont molars, four or five cusped, the posterior 
premolars partly molariform, the anterior ones simple, canines not notably 
enlarged, but a tendency to enlargement of a pair of upper and lower 
incisors—^and a variety of other characters which I need not notice. 
Mceritherium, of the Upper Eocene and Lower Oligocene of Egypt, stands 
not very far from this common stock; but whether or not it bo really 
ancestral to the Proboscidea it has gone a short distance in that direction, 
the limbs being somewhat long and straight and tlie teeth and skull ap¬ 
proaching in some degree the Proboscidean specialties more clearly shown 
in Pdeeomastodon of the Egyptian Oligocene. 

Prorastomus, on the other hand, may be taken as representing the 
primitive Sirenian. Unfortunatelv we do not know its skeleton charac¬ 
ters. But being found in a marine limestone it probably was already 
adapted to aquatic life. The long narrow skull, rather slender jaws, 
teeth conforming to the primitive type indicated and not widely different 
from those of emm, all point to its ancestral position. 

From this primary stock we find throe or four diverge lines of speciali¬ 
zation. In the Manatee the front teeth disappear and the cheek teeth all 
become molariform and appear to increase in number, pushing upward 
_^and forward in the jaw to replace those lost iiy wear. This increase iii 
nunilier of the cheek teeth is supposed to be due to reduplication of (he 
molars from behind, a fourth, fifth, sixth ti’ue molar etc. appearing 
de noio (Thomas and Lydekkor, ISSI), 

In the Dugongs, on the other hand, one pair of upper incisor teeth is 
retained and enlarged into tusks, while the clicek teeth are progressively 
reduced in number, the premolars becoming smaller and simpler and the 
anterior ones disappearing, while there is no tcndeuc)' to ina-ease in 
number of the true molars. The skull in both Manatee and Dugong is 
much shortened and widened, the jaws deepened and the front of muzzle 
and jaw bent downwards and covered with homy plates for triturating 
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the food. A'anoub other speciahzations occur in the skull, earned con¬ 
siderably further m the Dugong. 

A third liuo, closely related to the Bugong in most of its skull stme- 
ture, but lacking the tusks, and with the reduction of the cheek teeth 
carried to complete disappearance, is represented by the recently extinct 
BJiyiina of the North Pacific. 

A fourth cuid t cry distinct line is represented by an imperfectly known 
genus Desmoslyhis found in the Miocene of Japan, California and Ore- 




Fig. 2.— Eahih(*nufn anUUenae, parh of cenual (nqht) and antetwr dot sal (left) 
'icttehrw of type spetvnen 

Posterior riews, lialf natural size 

gon. In this the skull retains more of its primitive proportions, while 
the tusks are large in both upper and lower jaws and the cheek teeth 
become hypsodont or lugh-crowned and of a very curious pattern. 

Ealiilienmt is generally accepted as an ancestral Dugong. Bofherium 
Owen, Bosiren Andrews, Protosiren Abel, Arclicsosiren Abel, all from the 
Eocene of Egypt, are a closely related group of genera, aU but the first due 
to the activity of recent investigators in the Eaynm faunas, especially 
Andrews and Abel. They represent collectively a primitive stage in the 
Dugong Ihie. 


Pmoe of Oeiqut of xhb Dugonqs 

As the Manatees have not been found outside the Atlantic Basin, it is 
commonly assumed that they originated there or else migrated from the 
Tertiary Mediterranean Basin. The oldest fossil Dugongs being found 
in Egypt and Italy, later stages in Germany, France and Belgium, the 
modem forms in the Bed Sea and Indian Ocean, it has been assumed that 
they originated in the Mediterranean Basin, found their way to the north 
European shores and in the opposite direction into the Indian Ocean, 
and thence perhaps finally to the North Pacific, but never reached the 
western coasts of the Atlantic. 

The discovery here presented u'ould seem to show that the distributioxi 
of primitive Dugongs in the North Atlantic was wider than was sup- 
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])(Kse<L Why tliey disapix^arcd in this n*;»i(ni, wliile the ri\al group of 
iIallate<^s sur\i\o(l is an interoNting ((uehtion; hut the evidenc-e as to the 
disti'ibutiou and range of tlie Sireiiia during the Tertiary is so seaiity and 
ineoni])lete that an\ Turther spe<*ulation.s are scan-ely worth while. 


IfOLAU-rnKMOLAR FonMCLA IV SlltKN'IA.VS 


T]je luolar-promolar formula in tlie Siren ia is difficult to state cor¬ 
rectly, ])artly because of certain i)eculiarities in the premolar replacement, 
partly the doubtful interpretation of alveoli where the teeth themselves 
are not known. So far as the Manatees are concerned, 1 liave accepted 
the inteipretatiou ])Iaced by Thomas and Lydekker upon the cheek teetlu 
invohing an actual iixTease iji the number from the ])rimitive formula 
of four i)rcmolars and three molars which pretty certainly ehara(*terized 
the ancestors of all placental mammals. This increase in Jiumber of 
molars would appear to be attained by extejision of the dental lamina 
posteriorly and budding from the tooth genu of the third molar, tiiins 
continuing the process by whi(‘h the third is derived from the second and 
the second from the first. That such an increase, whether by this or other 
means, does oc('ur normally in the mimber of true molars in certain other 
placental phyla, appears beyond ({uestion. Otocyon, (^f>iiletes, Myme- 
cohhis and various C^etaceans may serve as illustrations. The almormal 
^recurrence of an extra molar or premolar in the series is not a rare occur¬ 
rence among other jrlacental mammals; this is usually ast*ril)ed to re¬ 
duplication. 

It is by no means clear that there is any such increase in the nunil)(*r 
of either ])remolars or true molars in any of the other Sireiiians living oi* 
extijict Andrews ascribes four lower molars and four ])remolars t<^ 


Easiren, ami Lepsius gives the formulas as: i- 


» I 4 4 . „ 

c—p-T-iu-;- m iVo- 
14 4 




1 


I 




111 


. „ i 0 1-2 4 

‘ -4 ■I'T'W'T 

ill llalicore. This would seem to indicate four true molars as the normal 
niuuber in this family. Alxd, however, has shown (Abel, 190(>) that the 
fourth milk molar in tlie Ilalicoruhv is retained exce^itionally late in lih‘, 
and sometimes intercalated between the last succ'ossional tooth and the 
first true molar. He a(‘C()unts in this way for the apparent series of eight 
postcanine teeth in the lower jaw of Eomen, IlaHihenum and the latei 
llalic-oridie without finding it necessary to suppose the addition of a 
molar from liehind to the usual placental series. Possibly the eight post¬ 
canine ta’th of Prorui^lomuii are to be ex])lained in this way: Imt the inter- 
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pretatioii of tlie ahooli iji the jaw in tliih and other genera i« ap])art‘ntly 
fioniewhat (loiil)tfiil. landing the publication of Al)ers final conclusions, 
it seems best to a(‘cept Jiis present views provisiojially, as 1 have done in 
the al)ove diagnosis and discussion of aliinities of If. antillensp. The 
number of true molars is considered as unchanged from the priiniti\e 
^eries of tliree, and tlic alveoli of the tooth preceding them are considered 
as of milk-molar four, altliough tliere is no proof that this tooth had a 
successor in llalHhpnum, 
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TTIEOKTES OF THE ORIGIN OP BIRDS' 


By William K. Gregotiy 


{Prpsenlej before llie Academy, 14 December, 191 A, in coniiecfion icHh 
0. \Y. Beebes paper on ‘^.1 Teirapieryx Stage 
in the Anreslry of Birds"') 


Comparative anatomists oC the nineteenth century demonstrated that 
birds, in the entire ground plan of their brain, skeleton, reproductive 
organs and all other structures, as well as in their mode of development, 
are ^'glorified Reptiles/^ or ^^feathered saurians/' In this instance the 
unanimous findings of comparative anatomy may be regarded as practi¬ 
cally decisive. 

But while all authorities agree that the assumed very remote ancestors 
of birds that lived in the (%rboniferous and Permian periods of the 
earth’s history were very probably scaly, lizard-like reptiles, there is no 
such unanimity regarding the structure and habits of the more imme¬ 
diate ancestors of birds, during the ages when scales were gradually 
transforming into feathers and the art of flying was still in its earliest 
stages. Professor Osborn, in 1900, after reviewing the evidence for the 
well-knoum view tliat birds and dinosaurs had been derived from a com¬ 
mon ancestral stock that lived during the Permian period, said'Tn the 
origin of the birds we have to imagine, first, a terrestrial stage, in which 
bipedal was gradually substituted for quadrupedal progression; it would 
appear prol)ablo that the bipedal progression was first acquired during a 
terix^strial stage because ilie foot of birds is ]n’imarily a walking, and not 
a climbing, organ; second, a cursorial bipedal or, more probably, an 
arboreal stage, in which both fore limb and tail enjoyed a change of 
function contemporaneous witli the acquisition of feathers/’ 

In 1906 Mr. W. P. Pycraft, of the British Museum, argued that® in 
the stage preceding Arcliceopteryx (the oldest known fossil bird, of the 
Jurassic period) the ancestral birds probably lived in the trees, leaping 
from branch to branch and from tree to tree, these movements,” he 

1 Manuscript received by the Editor 24 February, 1010, 

* “Beconslderatlon of the Evidence for a Common Dlnosaur-AvIan Stem in the Per¬ 
mian,” The American Naturalist, Vol, XXXIV, Now 406, 1900. 

* “The Origin of Birds,” Knowledge and Scientific News. September, 1906, pp. 531*682, 

(31) 
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continues, ‘Ve may reasonably suppose the fore limbs were used for 
grasping at the end of the leap. The use of the fore limb for this work 
would naturalh throw more work upon the inner digits—1-3—so that 
the work of selectum uoulil rapidly tend to the increased development of 
these, and the gradual decrease of tire tuo outer and now useless mem¬ 
bers. Correlated with this trend in the evolution, the axillary mem¬ 
brane—^the skin between the umer border of the arm and the body— 
became drawn out into a fold, while a similar fold came to extend from 
the slioulder to the wrist, as the fore limb, in adaptation to this new func¬ 
tion, became more and more flexed. While the fingers, upon which safety 
now depended, were increasing in length, and growing more and more 
efiBdent, they were, at the same time, losing the power of lateral exten¬ 
sion and becoming more and more fle\ed upon the fore-arm. .Viid the 
growth in this direction was probably accompanied by the development 
of connective tissue and membrane along the hinder, post-axial border 
of the whole limb, tending to increase the breadth of the limb when 
extended preparatory to parachuting tliroiigh space from one tree to 
another, long claws being used to effect a hold at tlie cud of the leap. 

“The hind limbs, though to a less extent, were also affected by the 
leaping motion, resulting in the reduction of the toes to four, and the 
lengthening and approximation of the metatarsals 3-4 to form a ‘cannon’ 
bone. 

“The liody clothing at this time was probably scale-like, the scales 
being of relatively large size and probably Iiaving a medium ridge, or 
keel, recalling the keeled scales of many li\ing reptiles. Those covering 
the incipient wing, growing longer, would still retain their original o\er- 
lapping arrangement, and hence those along the hinder border of the 
wing would, m their arrangement, simulate in a]jpearance and function 
the quill feathers of their later deMviidants. As by selection their length 
r creased, so also they probably became fimbriated and more and more 
, uficient in the work of carrying the body through space. 

“There is less of imagination than might lie supposed in this attciuj)! 
at reconstructing tlie primitive feather, inasmuch as there is a stage in 
the development of the highly complex feather of to-day which may well 
represent the first stage in this process of evolution. Creatures such as 
are here conjured up would bear a somewhat close resemblance to Archce- 
opierffx, and it is contended that the discovery of earlier phases of avian 
development, phases preceding Irclmopteryx, will show that this fore¬ 
cast was well founded. But in Archceopten/x, it is to be noted, the 
feathers differ in no way from the most perfectly developed feathers 
known to us.” 
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Mr. Pyeraft smnmed up this theory m his restoration entitled “One 
of the Tro-Aves.’ ” Thk hypothetical animal, as thus represented, stands 
about half way between a normal lizard-like reptile on the one hand and 
Arcliwopieryx on the other. It is represented as volplaning down from 
the trees, with arms outstretched. It is covered with scales, wliieh on the 
back of the arm and sides of the tail have begun to lengthen out and 
transform into feathers. 

The next year (1907) Baron Francis Nopesa, in the Proceedings of 
llie Zoological Society of London,* after reviewing the many resemblances 
between birds and running dinosaurs and showing that birds both in their 
mode of flight and in their limb structure differ in many important re¬ 
spects from bats, flying squirrels and other primarily tree-living animals 
that arc provided with webs of skin for volplaning, came to the following 
conclusions: 

“If we, after these preliminaries, now suppose that Birds, before at¬ 
taining the Archmpteryx-bi&i^, originated from quadrupedal arboreal 
animals and only after having learnt to flv became bipedal, it is difficult 
to understand why they in general show Dinosaurian affinities, why they 
did not use botli hind and fore limbs to the same extent for flight as they 
would have done for arboreal locomotion, why the bones of the pectoral 
region and of the wings show more primitive traces than the hind parts 
of the body, and wby they did not, like all other quadrupedal flying ani¬ 
mals, develop a jiatagiuni; wbereaf., if we consider that in Archceopteryx 
the anterior extremities, though bearing the most important ectodermal 
pinions, are less modified than the posterior extremities, which are al¬ 
ready porfoetlv bird-like, and if we then suppose that Birds originated 
from bipedal Dinosaur-like Reptiles, it is easy to understand what in¬ 
duced the Birds to attain an Arckccoplert/x-like stage of evolution, for at 
first a certain amnimt of bipedal, and only afterwards a volant, m<5difiea- 
tion would be required. 

“\Vliile we can safely state that a Inpedal animal never could or did, 
develop a patagium without giving up bipodalism, this cannot be said of 
feather-bearing forms, for we may quite well suppose that birds origin 
niited from hiprdal lonij-lailrd cursorial reptiles which during running 
oared along in the air bg flapping their free anterior extremities. . . . 
A double running and flapping action would—somewhat in accordance 
with Pycraft’s views on this subject—^subsequently easily lead to an en¬ 
largement of the posterior marginal scales of the antibrachium, and at 
the same time produce a'certain amount of bipedal specialization. 

* **Ideas on the Origin of Flight/* Proceedings of the Zoological Society of Loiidoii» 
Jane 12, 1907, 
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“By gradually increasing in size, the enlarged but perhaps sKll homy 
hj^pothetical scales of the autibrachial margin ivonld in time enable the 
yet carnivorous and cursorial ancestor of Birds to take long strides or 
leaps, much in the manner of a domesticated Goose or oE a Stork ivlien 
starting, and ultimately develop to actual feathers; this cpidoriuie cover 
TTOuld also raise the temperature of the body, and thus help to increase 
the mental and bodily activity of these rapacious forms.’’ 

In 1913 Doctor Eobert Broom described the skeleton of a small fossil 
reptile from the Upper Triassic beds of South Africa, which he named 
Euparlcerk capensis. This animal, the type of uhich is in this nniheiun, 
belonged to an ancient group of reptiles eaUed “Pseudosuchia,” some of 
which are found in the Triassic of Connecticut and others m the Upper 
Triassic of Scotland, Germany and South Africa. This group is of ex¬ 
ceptional interest to paheontologists because of the largely primitive 
character of certain of its genera, which sliow marked evidences of alBnity 
with such diverse later groups as Dinosaurs, Pterosaurs and Crocodiliaiis. 
In discussing the affinities of this group Dr. Broom® said: 

“There is still another group to which ^omo Pseudosucliian has prob¬ 
ably been ancestral, namely, the Birds. For a time one or other of tire 
Dinosaurs was regarded as near the aviau ancestor. The resemblance of 
the hind limb and pelvis seemed to make this extremely i)robable, and 
Huxley, Marsh, Cope, and others have all favored this view. Others, 
however, were more impressed In flie apparently a\ian characters in the 
skeleton of the Pterodactyds, and especially in the striking avian appear¬ 
ances m the brain, and hare argued in favor of a close affinity between 
the Birds and the Pterodactyls. Osborn, while recognizing the affinities 
to both groups, and especially to the Dinosaurs, believed that the Birds 
and the Dinosaurs had a common ancestor, probably in the Pcmiian, 
Seven years ago, when describing the skelctogcnosis of the Ostrich, I 
argued that the bird had eomc from a group immediately ancestral to 
the Theropodous Dinosaurs. The Pseudosuchia, now that it is better 
known, proves to he just such a group as is required. In those points 
where wc find tlio Dinosaur too specialized we soc the Psoudosudiian still 
primitive enough. The bird pelvis has probably developed from a type 
like that of Ornitliosachus by the pubis tumiug further back and the 
symphysis becoming lost. Wliothcr the union of the metatarsals is a 
primary or a secondary character is a debatable point. The question is 
really whether the bird ancestor was a hoppmg bipedal animal before it 
flew, or if it only hopped after the wing had became specialized. T am 


BProc. Zo6l. Soc., 1013, pp. 631-632. 
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strongly of tlie o])iuion that it was a hopping animal first, and that tho 
metatarsus became strengthened to support the weight of the body en¬ 
tirely borne by the hind feet. It is easy to understand a hopping animal 
takuig to an arboreal life and ultimately developing a wing out of a four- 
toed hand, while it seems unlikely that the hind foot could e\er have 
developed by arboreal habits. It is interesting to note that while the 
ancestor of the Pterodactyls had four toes in the manus,, there is very 
clear evidence from the skeletogeiiesis of the bird that the latter also had 
a four-toed ancestor. 

Pseudosuchiau whicli through a bipedal habit liad developed a 
.slrengtliened ankle-joint and a firm metatarsus, >md had lost the 3th 
digit from the manus would meet all the requirements of the avian an¬ 
cestor."’ 

The theory that the immediate ancestors of birds were arboreal animals 
has also been supported by Professor Abel,® of Vienna, who maintained 
tliat the birds and carnh orous dinosanrs arose from a commim arboreal, 
ancestral grou|) with climbing feet. The carnivorous dinosaurs soou re- 
\crted to terrestrial habits, while the birds, remainuig arboreal, only 
relumed to terrestrial life long after the acquisition of flight. The cleft 
lietweeii birds and carnivorous dinosaurs nuis back perhaps to the begin¬ 
ning of the Trias. Professor Abel’s conclusions rest partly on tlio facts 
that both the hands and the ft'ct of the smaller dinosaurs show marked 
resemblaiKvs to those of the arlmn'al bird Arrlupofilpryx. 

Mr. I). M. iS. Watson,’ on the other hand, holds that the backwardly 
directed first toe of some of the earliest dinosaurs was not a perching 
adaptation, l)ut served as a strut, or prop, for the support of an animal 
in the early stages 0 / walking ttpright. 

Quite recently Professor S. W. Willistou® has expressed the belief (fa 
liUrm) that the consolidation of the instep hones in tlie oldest l)irda was 
an iulaiitatioii to digitigradism, or the habit of raisbig tlie body uiion the 
toes, and that flight originated by leaping from below upward, not by 
gliding downward. 

titiU more recently Sir. C. W. Beebe, of the New York Zoological Park, 
lias made certaiu discoveries which lend additional evidence for the view 
that the immediate ancestors of the birds were arboreal animals. In a 
paper entitled “A Tetraptcryx Stage in the Ancestry of Birds”® Mr. 

• Onindztlgc der Pnliioblologle der VirbeltJero. Stnttgart, 1912. 

^ “The Chelrotherlum,” Geol. MaK-y Becade VI, Vol, I, No. 003, Soptomher, 1014, pp. 
303-398. 

»“Trimerorhachls, a Permian Temnospondyl Amphibian,” Journ. Geol„ Tol. XSIIT, 
No. 3, ApHl-May, 1916. 

»SSoologlca, Scientific Contributions of the New York Sfio61oglcal Society, VoU 11, No. 2, 
November, 1915, 
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Beebe found tliai in the joung of various specie^! of doves, pigeons, 
jjranas and oaI'? there is a reduced pehic wing, consisting of a row of 
degenerate flight leathers and a second overlapping row of "coverts,’’ all 
stretched upon the patagium, or skin-fold, behind the femur. Owing to 
the lateness of the season, it was impossible at this time to extend further 
his observations on the "pelvic wing” of birds; but he states that "judging 
merely from the iiterylosis of the adult, many species of Coraciiformes, 
Scansores and Piciformes should show most interesting dc^elopments of 
this tract in the young birds.” Mr. Beebe was naturally delighted to 
find that in the Berlin specimen of Arclimpteryx there were some 
strongly marked impressions of feathers on both sides of the tibia and of 
still larger feathers hung between the pelvis and the bent back head, 
which ho interprets as evidence of the “pelvic wing” in tliis oldest known 
bird. Partly from these data Mr. Beebe and Mr. Dwight Franklin ha\ o 
made their series of restorations to illustrate the evolution of birds from 
a "tetrapteiyx stage,” with four wings and a long segmental tail, to the 
modernized two-wmged stage, with a normal fan-tail. 

Thus Mr. Beebe, along with Pycraft, Abel and others, conceives ihe 
immediate ancestors of birds as arboreal animals with the habit of scaling 
downwards through the air after the fashion of flying squirrels; to this 
theorj' his diseoverj* of a vestigial pehic wing in modern birds lends 
obvious support. 

For some jears past the present ivriler has taken special intcresi in the 
problem of the origin of birds, partly for the reason that the subject 
forms one of the major problems in the Columbia University graduate 
course on the evolution of the vertebrates. Each year we hold a seminar 
on this subject, in which the various theories of the origin of the birds 
are duly advocated by graduate students, and the rival claims of the dino¬ 
saurs and other reptilian groups to close kinship with the birds arc con¬ 
sidered. From this annual review arises the imiircssion that from tlie 
clash of conflicting hypotheses the following approximation to the facts 
may, from present evidence, be provisionally made out: 

Far back in the Carboniferous ages the remote common ancestors of 
birds, dinosaurs, pterosaurs and otiier reptilian groups wore very primi¬ 
tive lizard-like reptiles with extremely small brains, compai'ativply slug¬ 
gish habits and a highly variable body temperature. This general de¬ 
scription would doubtless fit many of the already known reptiles from 
the Carboniferous and Permian, but no one of those can yet be recognized 
as a direct ancestor to the later iypes. 

In ihe harsh arid ages of the Permian and Trias were evolved hardier 
and more active carnivorous saurians, represented by the earliest dino- 
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saurd, and especially by the 'Tseudosnchians,” such as Ornithosuclius, 
Euparkefia. Some of these small reptiles may have reared np on their 
hind legs in nuining, as certain lizards do; indeed the hind feet of Eapar- 
leria, according to Broom, cihibit iircipient adaptations to bipedal pro¬ 
gression, while others were in all probability actively hopping types. But 
none of these animals show any very pronounced bird-like characters in 
the skeleton. Their structure, however, was, on the whole, of so general¬ 
ized a type that the diverse peculiarities of the birds, pterosaurs and other 
groups could readily be derived from this source. In some of the Pseu- 
(lobuchians the body is known to ha\e been covered with homy plates, but 
others may have been clothed with the overlapping scales which must 
have preceded the evolution of feathers. 

Thus the paleontological record as to the immediate ancestry of the 
birds is regrettably indecisive, but the principles of comparative anatomy 
appear to lead to some pretty safe inferences, as follows: 

The transformation of long overlapping scales into feathers, whenever 
it did occur, was one of the critical steps in the evolution of birds. This 
ti-ansformation took place apparently over tlie whole surface of the body 
and along the legs and arms. Ho doubt it was correlated with the higher 
vitality and improved circulation of tiie pro-avis as compared with the 
ancestral reptile; no doubt also the air-retaining mesh of the feathery 
covering not only prevented undue radiation of heat from within during 
cold periods, but also screened ofl some of the burning heat of the svm. 
Possibly this feather-armor would also protect the ambitious aviator in 
his many falls from the branches. The pro-Aves were surely quick run¬ 
ners, both on the ground and in the trees, but it is not yet dear whether 
the upright position was first attained upon the grormd or in the trees. 
They very early acquired the habit of perching upright on the branches, 
as shown by the consolidated instep bones, grasping first digit and strong 
claws of rchceopierp’. Their slender anns ended in three long fingers 
provided with large claws which were at first doubtless used in climbing. 

These active pro-Aves coiitrasied widely in habits with their sluggisli 
remote reptilian forebears. In tlie pursuit of their prey they jumped 
lightly from branch to branch and finally from tree to txee, partly sus¬ 
tained by the folds of skin on their arms and legs and later by the long 
scale-feathers of the pectoral and pelvic “wings” and tail That they 
lield the arms perfectly still throughout the gh'ding leap stiU appears 
doubtful, for all recent aiumals that do that have never attained tme 
fiighi I cannot avoid the impression that a vigorous downward flap of 
the arms, even before they became efficient wings, would assist in the 
“take off” for the leap, and that another flk.p just before landing would 
check the speed and assist m landing. 
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In correlation with this active arboreal life the brain becMne highly 
developed; the olfactory lobes grew smaller, the ccrebra, optic lobes and 
cercbellmn attained large size and high development. The brain-case 
was correspondingly expanded, while the skull as a whole acquired a very 
light construction. The earliest birds retained the sliarp conical teeth 
implanted in distinct sockets 'which were characteristic of their ‘'theco- 
donf ’ ancestors (such as Euparkeria). The teeth and jaws were adajded 
for quickly snapping at living prey, perhaps iubecta. Those entirely rep¬ 
tilian teeiii, which in the ease of Marsh’s “toothed birds” bore an extra¬ 
ordinary resemblance to tlie teeth of mosasaurs, were retained long after 
the main adaptations for flight were established. Diit perhaps during 
the Cretaceous period the ancestors of modern birds lost their teeth as 
the horny beak at the front of the jaws grew backward. 

The skull of birds is of a modified reptilian type and has no doubt 
been derived simply by the lose of the upper temporal bar, by the intum- 
uig of the pterygoid bones and by the enlargement of the internal nares. 
In short, the whole architecture of the bird skeleton, as indeed the whole 
internal anatomy, are unquestionably a modification of a primithe rep¬ 
tilian type. The consensus of opinion is that this ancestral type was 
nearly related to the primitive Arehosauria (Diapsida), or two-arched 
reptiles, and was very widely removed from the mammals, mammal- 
reptiles, turtles, plesiosaurs and ichthyosaurs. 

The hypothesis that the ratite birds have come olf from some group of 
reptiles other tlian that which gave rise to the carinate birds is, in the 
writer's judgment, entirely untenable: first, liecause an examination of 
the skulls of various ratites and cariuates shows agreement in funda¬ 
mental plan, with nimor, though well-marked, dilferences in details; sec¬ 
ondly, because the entire organization of the ratites indicates merely a 
cursorial readaptation of carinate types; thirdly, because tlie tinamous 
are in many characters allied both to tlie ratites and to the carinates, and 
thus strengthen the conservative view that the class Aves is broadly 
montiphyletit' in origin. 
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IXTPiODUCTlON 

Pbelimiitast Remarks 

The present paper is the result of a study of the Morrison formation 
undertaken by tiie writer in connection with the monograph on the Sauro¬ 
poda now in conrse of preparation for the United States Geological Survey 
by Professor Henry PaMeld Osborn. Library and laboratory work was 
done during the winters of 1913-1913, 1913-1914 and 1914-1915 at the 
American Museum of Hatural History and at Columbia University'. 
Field work was done in the summers of 1913 and 1914. The writer 
desires to express his thanks to Professor Osborn for the opportunity of 
studying the Morrison formation in the field, and for permission to use 
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data gathered for m* in the above-mentioned monograph, (‘oufereiiees 
have been held with Professors A. W. G-rahau, 0. P. Berkey and I). \V. 
Johnson, of Columbia University, who liave made suggestions in regard 
to the work. Messrs. "W. T. Um, IT. H. Barton, W. Cross and ('. T. 
Lnpton have added data regarding the distrilmtion of the Morrison in 
the southern areas, and the director of the United States Geological Sur¬ 
vey has given permission to use these unpublished data, and to use tlic 
map which was redrawn by Survey draughtsmen from an original by the 
writer. A'aluable information has also been given by Mr. S. H. Knight, 
of Columbia University, 

DjBfJNn'ioN OP Foiai-mox 

Tlie name Morrison was first applied to the series of deposits under 
discussion, by Cross, in the Pike’s Peak folio of the United States Geolog¬ 
ical Survey.. It was proposed to include tlie series of clays, sandstones 
and shales which underlie the Lakota-Dakota series and overlie a white 
sandstone, which in turn rests on the Tied Bt'ds, at the village of Morrison, 
nearly we.st of Denver, Colorado, The names “Jurassic Beds,” “Duk(»ta 
Beds,” “Variegated Beds,” “Beulah Sliales,” “Atlanlosaurns Reds,” 
“Como Beds,” “(-Jimnihou Formation,” “McElmo Formation” and “Flam¬ 
ing Gorge Formation" have all been applied to beds in various regions 
in a general way equivalent to the Morrison in eastern Colorado, though 
in some eases those terms liave inchulcd more than the typical Morrison. 

The name Morrison has lioen used extensively in the publications of the 
United States Geological Survey for this formation in other areas than 
the original area in (‘astern Colorado. As it was the first geographical 
name applied to the formation, it may be used as ilie valid formation 
n.arae for the deposits eoncernod. In the presemt paper it will bo used 
for the areas in western Colorado and Utah, wheic the beds liave been 
knowTi as Gunnison, McElmo, and in iiart Flaming Gorge, as well as for 
the more eastcni represontalives. The local names are often convenient, 
hovv'cver, to designate the fonnation in particular localities. 

The series is eomjiosed esscniially of.beds of variegafod clays or inurls, 
often described as “joint-clays,” sandstones and shales, witli minor ele¬ 
ments of fresh-water limestones. 

The formation has produced a small and not especially characteristic 
invertebrate fauna, a scant flora of cycads and fossil wood and a very 
characteristic and varied vertebrate fauna. 
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PHYSIOGIiAPT£IC OCCURRENCE AND DISTRIBUTION OF THE MOREISON 

Formation 

The Morrison formation is generally exposed at the surface in two 
characteristic ways. The usual occurrences are in the steep faces of hog¬ 
backs and in the walls of river canyons. The hog-backs are long, even- 
topped ridges lunning practically parallel with the axes of mountain 
uplifts, with a comparatively steep slope on either side, but one side often 



Fiq. 1 .—Oeneraltted section of RocJcy Mountain Jtog-back, shoiclng the usual 
physiogt aphic position of Morrison outcrops. 

1. —Pr6-Caml)rlan crystallines. 4.—Sundance. 

2. —Palaeozoic. 5 —Morrison. 

3. —Red Beds. C.—Capping sandstone (usually Cloverly 

or Lakota). 

being steeper than the other. They are formed ilirough uplift followed 
by erosion of the tilted and raised sedimentaiy bods wliich formerly 
covered or lapped against the mountains. The softer material is quickly 
eroded away, leaving ridges protected by cappings of harder strata. The 
Morrison formation is tj^pically non-resistant, and so is usually found in 


1 


2 




Fio. 2 .—GeneraHsed section of a Rocky Mountain or Great Plains river canyon, 
showing a common position of 2Iorrison outcrops, 

1. —Clapping sandstone. 3 .—Red Beds. 

2. —^Morrison. 

Uie erosion cliffs on tlic inner sides of the hog-backs, iisposures of this 
kind occur in eastern Colorado, extending north iuto Wyoming and south 
into New Mexico, around the Black Hills, on both sid^ of the Ijaramie 
Mountains; around the Bighorn and Owl Creek Mountains; around the 
Wind Eiver Mountains; south of the TJinta Mountains; and in the Grand 
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Hogback, which e::teiids all along the western border of the Eock\' Moan- 
tains in Colorado. The river canyon exposures of the Morrison are also 
addespread. They occur in the canyons of streams east of the Eoeky 
Mountains, such as the Huerfano, Purgatoire, Cimarron and Apishapa; 
in the canyons of the McElmo, Dolores and other rivers in western and 
southwestern Colorado; and in central klontana. 

Other outcrops occur as combinations of hog-back and canyon ex¬ 
posures, such as at Canon City, Colorado; as local surface rock, such as 
in southeastern Colorado (see distribution map), and near Grand Junc¬ 
tion, Colorado; and in the erosion of local anticlines, such as Como Bluff 
in south-central Wyoming, and in faulted masses, such as the Sioux Fault 
exposure in Wyoming. 

PCBPOSE ANU Scopn OF THE PbIXsI^XT WOUK 

The purpose of the present paper is to interpret the 11 <'irisen forma¬ 
tion, if possible, in regard to age, origin and paleophysiography. It is 
also desired to give a summary of the present knowledge, so far as it is 
available in the literature, together with some new field observations. 

Among the problems which have been connected with the Morrison 
formation is that of its age. Some writers have held that it is Jurassic, 
and others that it is Comanehean. Still others have held that it is botli 
Comanehean and Jurassic. It is desired to show that the Morrison is 
essentially Comanehean, but that some portions of it, especially in the 
western areas, may possibly l)e Jurassic. 

Various opinions have been held regarding the origin of the Morrison. 
It has been considered marine, lacustrine, fluviatile and combinations of 
these. An attempt will be made in the present paper to show that the 
Morrison is essentially a broad alluvial plain, formed of coalescing alluvial 
fans, and possibly a true delta in the southeastern areas. It must have 
been deposited under conditions somewhat similar to those now existing 
in the giuat alluvial plains in eastern China. 

The fauna and flora are listed for purposes of reference and siunmaiy. 

STILkTTGEAPHY 

Mobrisok Formation in Eastern Coi.oii.ado and Hew Mexico 

OENEEAL 

The Morrison formation outcrops along the front of the Eocky Moun¬ 
tains in Colorado in a nearly straight line, from the Wyoming border to 
Hew Mexico, and south in Hew Mexico to a point a few miles south of 
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Vegas. Tlie main line of outcrops tlieu swings northeabtward to a 
point 15 miles or so southwest of (luAton. The outcrops along the moun¬ 
tain front in Colorado and New ilevieo occur in hog-backs. Tlie iiortli- 
east-bouthwe.st line ol surface occiirrcJice in Now Mexico is an irregular 
cliJL 'J'lie lines of outcrops are not completely continuous. At? Golden 
the Momson has been crowded out by igneous action, and at Manitoii and 
other places it lias disappeared through faulting. Outcrops also occur in 
the can 3 ons of the Piiigatory, Apisliapa and other rivers in (Colorado, and 
of the Cimarron in Now Mexico and Oklahoma. 

A. R. Marvinc (1814, 3), in the seventh Annual Report of the U. S. 
Geological and Geographical Survey of the Territories, describes tJie 
‘\7urassic’^ or the lieds overlying the red series of supposed Triassic age 
as follows: 

"General chararlers ,—The series of strata lying next above the red 
beds form a group of rocks in which the thin-bcdded and shaly clement 
decidedly predominates. ''Hie outei opping edges of these beds have there- 
foi-e generally been moie eroded away than the harder l)(‘ds above and 
below, so that they generally ap])ear in valley’s; and being soil covered, 
they are not usually well exposed. 

‘‘‘The arenaceous element still ])redominates, though argilhu'eoius mate¬ 
rial is often present to a very largo extent, while bods of impure limestone 
u(‘cur—one of wliich appeal's very persistent—and g.vpsum is frequent in 
thin layers, and sometimes occurs in workable quantities and of good 
quality. As before, red is the prevailing color, tliough a series of marked 
variegated shales (uvur, and weathering frequently ])rofluces an aslum- 
gray lint upon the surface. . . 

Some of these beds are jirobablv of lower horizon than the true ^lorri- 
son. 

The following dest*riptioii of the !Morrison formation i‘as( of ihe IJoeky 
Mountain front is given by Dartoii (1904, 8) : ‘Tts general (Raracter is 
nearly uniform throughout, a series of light-colored, massive clays, “joint 
clays,^ with thin beds of limestone and sandstone of fresb-waior origin 
containing bones of sauriaus of the so-callcd ^Atlantosaurus’ fauna. Its 
thickness avei*ages loss than 200 feet in most cases. It presents frequent 
and lapid variations in the local succession of beds, but the predominance 
of joint clays of challa^ aspect and the occurrence of maroon and purplish 
layeis among them are characteristic features.'’ Lee speaks of the IForri- 
son as "iinifoi’mly variable,'’ a term especially api)licable. 

In the extreme northern part of Colorado the Morrison is said to rest 
upon the marine Sundance beds. Throughout most of the nortliern Colo¬ 
rado area it lests upon the rod beds of the Chugwaler formation. Fur- 
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ther south in Colorado it rests upon the Fountain or Badito formations. 
South of Beulah, in southern Colorado, the Morrison rests directly upon 
the crystallines. In the canyon of Rio Cimarron, in New Mexico, it rests 
on the Exeter sandstone. 

‘^The hasal unconfoimity is one of widespread planation, with local 
shallow channeling, Imt no perceptible discordance of dips” (Barton, 
1904, 8). 

The Morrison is present at intervals from the Platte River to Colorado 
City. North of the gateway to the Garden of the Gods it is 130 feet 
thick and rests upon a bed of gypsmm. It is partly exposed at Colorado 
City, where the beds are vertical. It is exposed again, after being cut off 
by faulting for a few miles south of Manitou. along the mountain front 
to the vicinity of Canon Citj'. It is also well exposed in this vicinity in 
a structural basin north of Canon City. South of Canon Citj’ the forma¬ 
tion is not present for a considerable distance. It is present near Beulah, 
where it rests on the gneisses. North of Beulah the ‘^Dakota” is said to 
rest directly upon the Fountain formation, showing the presence of an 
erosion interval between the Bed Beds, or possibly the Morrison, and the 
^^Dakota.” The formation is exposed in the Greenhorn “Mountains, where 
it rests partly upon the red beds and partly upon the gneisses. The more 
important areas of Morrison outcrops in the eastern region have been well 
descril)ed in various reports, and summaries of these descriptions are 
given below. 

The Morrison formation is overlain by the Lakota-Dakota series, the 
lower beds of which are known in the southern Colorado area as the 
Purgatoire fomation. The contact is essentially confonnahle, l»ut it is 
sometimes extremely sliarp, as north of Canon City, and it is quite prob¬ 
able that in many areas nt least there is a stratigraphic break of slight 
extent l»elwcen the two formations. 

NORTHERK COLORADO 

The following sections are given by T)arton of the l^Iorrison formation 
in northern Colorado (1904, 8): 

Sertion mrtlmcst of Laporte^ Oolm^ado 

Feet 

‘‘DakotaCJoarse sandstone, with conglomerate at base. 

Gray massive shales, with thin limestone bed about 20 feet 


below top. 80 

Morrison, Limestone, gray, with algos. 6 

Sandy shale, reddish to buff, partly massive. 20 

Pinkish and buff sandstone at top of Red Beds... 00 
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Scotiou fOf^i of Lyo}i8, Colorado 

Feet 


‘"Dakota," F>tin(lst(>ue, hard massive, buff.. .. 

Olivo tjjreoii nia^*sivo «haIo, with 

some saiKlstom* layers. 150 

Lififht i^rayish i^reon massive 

sbalo. 30 

Soft to hard i?ray sandstone, 

fine grained. 15 

Red, maroon, and green massive 

shale. 150± 

Morrison, Massive buff sandstone, moder¬ 
ately fine. 10 

Grayish green to maroon mas¬ 
sive shale, with thin layers of 

fine grained sandstone. 40 

Covered. 25 

Upper Wyomins:, Soft buff sandstone. 30 




Fig. 3. —Section of the Morrison and over^ Pig. 4. —Section of the Morrison and adr 
lying and underlying teds at LaportOj }a<ent formations cast of Lyons, Colo- 
Colorado. t ado. 


A-B = Morrison. Seale, 126 feet to 1 1.—Lakota; 2.—Morrison; 3.—Red Beds. 

Inch. (Darlon.l Scale, 125 feet to 1 inch. (Barton.) 


The Morrison formation in the vicinity oC Boulder was described by 
Fenneman (1905, 9). The following remarks on the foiination in IJiis 
district are based on Fenneman s description. Sections of the Moixison 
at varions places in this area differ greatly. In the main, however, the 
formation contains a largo proportion of light-colored <-lays, some mod¬ 
erately indurated and others of flinty hardness, much gray sandstone, 
often calcareous, and at various horizons beds of highly compact lime¬ 
stone. A very much generalized section would present the beds in about 
the following order, beginning at the base: sandstone, clays, limestone, 
clays. The first and last members of the series are persistent, hut the 
intervening clays and limestone may show two or three alternations and 
may inclose prominent sandstones. Fenneman estimates the maximum 
thickness to be a little less than 400 feet. The formation in this district 
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overlies the Lykins division of the T^ed Bed series. The basal sandstone 
varies from 10 to 20 feet in thickness. It is persistent and massive and 
is nsed for building atone. Tt is somewhat calcareous. The lowest bed 
of limestone varies in level, Imt may be within 15 feet of tlie basal sand¬ 
stone. The intervening levels are composed of clay which is covered h} 
waste material. One bed of limestone 40 feet thick, according to Tenne- 
man, occurs at South Boulder Canyon. At one locality there are three 
distinct limestones separated by sandstones, the uppermost of the three 
being about 30 feet thick. IText follows To to 100 feet of covered beds, 
probably soft clays. Limestones and clays interbedded follow this cov¬ 
ered series, in turn followed by 15 feet or less of calcareous, iron-stained 
sandstone. Above this sandstone the formation-is composed of dense, 
hard clays and argillaceous sandstones. 

MOllRISOX 

The deposits of the Morrison formation are not yery well exposed at 
the village of Morrison, sis or seven miles west of Denver, from which 
the formation takes its name. The beds outcrop on the western slope of 
the hog-back at thi*^ locality and are mostly covered 3)V talus from the 



ITiq. 3 .—Mairmn fonnatian tit MotrNon, Vultmutu, looking Honih 
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heavy sandstones of the Lakota-Dakota series at the summit of the hog¬ 
back. The first discoveries of remains of the large dinosaurs of the so- 
called ^^Atlantosaurus fauna^^ were found about half way up the slope of 
the hog-back, on the northern side of the gap, through which Bear Creek 
crosses the hog-back. 

The hog-back is capped by a ledge of heavy cross-bedded sandstone of 
the Dakota formation, underlain by white sands of the Dakota series. 

Beneath these sands are the soft shales and clays of the Morrison for- 



,Fi:G. 6.— Morrl^vit ut Co^radOj looking east. 


mation. They are mostly pale green at this locality, with a few thin 
bands of sandstone and some Variegated clays, and red sandstones. The 
thickness here is evidently less than at Garden Park, near, Canon 'City, 
farther south,, but more than in the exposures farther north in Wyoming. 
The upper ^d especially the lower contact-could.not be accurately d.eter- 
mined. The formation appears'to rest upon a coarse white sandstone, 
which in turn .rests on deep i-ed sandstonee of the Bed Bed series. 

. OABQif oirr. area 

• The Morrison* foiinatioh is, extreiaely W^ell exposed in ^ a number of 
■ lobi^iies, nor^'df Cahon .City. ■ A :strrbtaral\barifl' ofIforiiied, 
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by down-faulting and down-folding, has protected the Paleozoic and 
Mesozoic sediments of the district so that they are bounded on the east, 
noith and west by the crystallines. 

A hog-back capped ))y the Lakota-Dakota sandstones extends northeast 
from Canon City, and a similar hog-back extends northwest from a point 
a few miles east of Canon City. The dips of these two hog-backs are 
steep at their southern ends, but as they converge the dips become less 
and change in direction. Instead of being toward the southeast and 



^IG. 7 .—View northeast from Fremont Fealty near Caiion City, Colorado, 

A indicates locality of the Marsh-Hatcher dinosaur quarry, B Indicates the Morrison 
outcrops in the hog-hack near Cafion City. 


southwest respectively, the dip- at the point where the Lakota-Dakpta 
capping of the two hog-backs becomes continuous is towards the south. A 
abort distance north of this point the .dip lessens until the strata sire nearly 
horizontal Oil Creek, a tributary of the Arkansas Eiver, cuts through 
this flat area> exposing the underlying rocks in a series of cliffe. .North 
of this pomt a wider valley has been excavated, having the Txiassidand 
lower beds as a floor. This valley is known as .Garden Park. , 

. The Morrison formation is exposed on the steeper eroded sides of the 
hog-backs, in' the, narrow gorge pf Oil Creek.apd its Iributari^, aiid in the 
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Pie 9 —Near t«ew of the eenttal pottian of fig s 
Ab eioMon channel ux the lowci cla^b hlled eith a coarse sandstone Is shown 
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atup chii on tlu wc-tcin boidei ot (xaiden Paik \l thi^s lattei point 
the beds aie exposed tiom base to biimmit, affoidin^ a complete section 
Se\eial pioductnc bone quairieb ha\e been opeiated at this point, and as 
these qiiaiiies exhibit the stiuetuie ot the toimation \en i\ell m some 
oasob, tlie\ \m 1I be desciibed in detail The most impoitant ot these 
quaiiies is tlial which was opeiated b} Piotessoi 0 C Maish, and later 
lix T B Hatchei toi the Carnegie Museum This quarn is situated on 
the northeist 1 ink of a dn biook-bed which ]oins Oil (letk ■jii'-t «oiith 



lie 10 —I Aitoiuic of the loitet bch of the Moms « fonmtion ahoit m ya da 
notthca^t of the Ma^sh Ilatchcf dmosaut jua ttf neat tanon City Lolotado 

i 

ol tlie entiajice lo Gaidcn Paik 11 ib uppeimost bedb eipobed at tlie 
qaanj aie led and blown joint i,la>b Below thebc claib ib a bed ot 
lathei toaibe, lieaij-bedded bandbtoue, about 5 ioet thick Below thib ib 
the bom bearing '-andbtonc, about 3 ieet thick It i*? a bott, coaise- 
giained sandbtoue, boinewlut aikosic In the e^posuicb on the opposite 
side oi the gulch the bent beaiing sandbione is dibtineth eiosb-bedded 
Below the bone beaiing sandstone is the bandbtoue ol the quaiiy flooi 
This sandstone is heavy-bedded and is cross bedded on a large scale This 
fiosb-bedding niakts the exact thickness difficult to determine It is 
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aliout 5 feet on tlie average, and the variation in thickness is not great. 
T\\o (list mot t\pc‘>« of oros^-Liedding are prccont in this sandstone. It is 
nnderlain In a l>od of eJa\ 1 nr 2 feet thick. This clay is underlain hr 
another sandstone uith a len.se-shaped cross-section. It is about 15 feet 
thick at Its thickest portion and about 2 feet thick at a point (iO or .HO 
feet on either side of its center.- Below this sandstone is a bed of clay, 
8 feet thick, bearing small obscure shells. Below this clay is a limestone 
1 foot thick, u Inch is underlain by 0 feet of clays. These clavs ai e undei - 



Fig. 11 .—The CuhC (1lno6uur qumry northwest of the Alarsh-llatchfr quauVi near 
Cation City, Colorado, 


lain l»y a beil of lime eoucivlions, 1 foot thick, underlaiti by more chijs. 
'riic bods below" are not exposed in the giilob, but arc exposed im the ivcst 
bank of Oil Creek about a hundred yards nortlieast of the quarry. The 
seidion at thib point is as follow-s: clays at the top, underlain by about 
3 feet of sandstone, ■which are in turn underlain by about 5 feet of tlie 
bone-bearing sandstone. Below" this are 3 feet of the quarry-floor sand¬ 
stone. There is a sharp contact between this sandstone and tlie under¬ 
lying clays. Below the quarry-floor sandstone there is a series of beds, 


^ See discnsslon of structures, p. 117. 
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od feet in total thiekne&s, which is mos% clay, but may eoutain thin beds 
of limestone or concretions where it is covered by a thin clay talus. Be¬ 
low this clay series is a hcayy-liedded sandstone about 8 foot tliick. This 
sandstone is underlain by a series of clays interbedded with thin layois 
of limestone and nodules. This series may be taken as the base of the 
Morrison formation in this region. It is underlain by the reddish arkosic 
sandstones of the underlying formation. 

Another important quarry in this region is that operated for Professor 
E. P. Cope in 187 i. This quarry is situated about 800 yards northwe'?t 



Fio, 12 .—The '^Nipple/' went of Ouitien Parh, Colorado, looking east 


of the Marsh-Hatcher ([uarr}. U is situated at the top of tlie hill, and 
die beds exposed in it are the browji and white clays of the ui>))ennost 
beds of the Morrison formation in this district. They are overlain l>y tlie 
coarse white sandstone of the Lakota or Purgatoire formation. The con¬ 
tact between the two formations is very sharp. 

Another quarry operated for Professor Cope is situated about 500 yards 
east of the above-mentioned Cope quarry. It is situated at the base of a 
small conical hill, locally known as the '‘Nipple,^' It is at the top of the 
cliff which forms the western boundary of Garden Park. The productive 


r)4 
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liDiie level at this point ia 20 feet or so below that of the other Cope quarry 
to tlie west. It is much higher than the bone level in the Marsh-Hatcher 
quarry, from the summit of the “Nipple” to tlie base of the dill a 
c-onipiete section from the base of the Purgatoire to the upper members 
of the Eed Bed series ia exposed. 

A section from the summit of the “Nipple” to the uppermost hods of 
the Eed Bed series is as follows: j 

Feet Inches 

1. At the summit of the “Nipple” and about 25 feet above the top 

of the cliff, white sandstone of the Purgatoire series. 1 

2. Brown Joint-clay. 4 

3. Brown nodules. 4 

4. Brown clay. 15 

5. Gray clay (at the top of the <4iff, contains dinosaur bones and 

is the productive bed of the above-mentioned Cope <iuarry). 5 2 

6. Sandstone . 1 

7. Clay . 1 

S, (fl, &, c) Olay, nodules and clay. 3 

9. Tariegatod clay. 9 6 

10. Sandstone. 4 

11. Olay . 6 .. 

12. Sandstone. 3 


13. Vaidegated clay, gray, purple and greeiP. 204 

14. CrosR-l>edded sandstone. 8 

15. Olay . 1 

16. Sandstone . ItoO 

17. Clay . 6 

18. Sandstone . 1 

19. Olay . 40 

20. Sandstone . 1 

21. Clay . S 

22. Sandstone . 1 

23. Clay . 2 

24. Sandaton<» . 1 


Total. 310 1 

to 

319 7 

25. Arkosic conglomerate. This conglomerate is here considered as belonging 
to the underlying Red Bod series, though it is i)ossible that it may be 
the basal member of the Morrison formation. In the latter case the 
thickness of the formation would be increased by 40 or 50 feet 

The contact with the imderJying beds is veiw indistinct, and the pres¬ 
ence of an erosion interval between the Morrison and these underlying 
beds cannot be determined from the outcrops alone. 

»The outcrop of this clay series is covered in many places with a thin clay talus, 
which may conceal some thin beds of limestone or nodules. 
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]Vrarini> fossils of Washita age have been found by Stanton (1905, 11) 
near Canon City in beds immediately overlying the Morrison formation. 
This limits the age of the Morrison deposits near Canon City to a certain 
extent. This question -will be taken up again in the section on the age 
of the Morrison. 

The general features in the Cafion City area which are especially 
worthy of notice are the prevalence of variegated joint-clays in the upper 



Pig. lB.^8et}Hon of the Morn non and re- 
lated fonnation^ at Qarden Park, near 
Canon City, Colorado. 

1.—Purgalolre; 2.—Morrison; 3.—Cal¬ 
careous arkosic sandstone, probably the 
basal member of the Morrison, but may 
belong to the Red Bed series. Scale, 125 
feet to 1 ineb. (Section by the writer,) 



Pi(,. 14 .—Upycr patt of the Qarden Park 
section. fPig. 11.) 

I,—^Purgatoire; 2.—Morrison. Scale, 12% 
feet to 1 Incb. 


portion of the formation; the relatively larger amount of limestone, lime 
concretions and sandstone in the lower portion; the distribution of the 
dinosaur remains tliroughout nearly the whole tliickness of the formation, 
though these remains appear to occur in definite levels; the sharp contacts 
of the sandstones and clays in the formation; the relatively small thick¬ 
ness of the individual sandstone members in most eases; and the lense- 
shaped cross-section ((f one of the principal sandstones. 
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The crois'>-''et.tioii oi <>iie ot tlio ^andistoiie members indi- 

CftU‘5 that It wa*' dejio^it^rl by a streain in a relati\o]y narrow basin, wliieh 
had been eroded in the tinderlvin^ tdays. The fre- 
(jiieiit oeouiTeiK'e t»f crobb-heddinpf in eonnection 
with sandstones wliicdi ha\e aliarp contacts at the 
top and bottom appear to indicate deposition by 
Streams or wiml; the structure of the cross-bedding 
s(unetimes being that usually assigned to stream 
deposition, and in other cases being of the type 
U5ually assiirned to deposition by wind. The fre¬ 
quent sharp contacts in the formation point to the 
period of deposition of the formation in this region 
as a period of alternating deposition and erosion, 
deposition being the dominant process in the long 
run.** The sharp contact at the top of the forma¬ 
tion also indicates a period of erosion before the 
de]30sition of the basal sandstones of the overlying 
formation. This erosion interval may ha^e lieeii of 
long or short duration, so far as direct evidence 
from the contact is concerned. 

(UNYOXS OF SOUTFIEASTERX COLOU VDO 

Lee (1901, 7) has described the Morrison for¬ 
mation in some of the river canyons in southeast¬ 
ern (.^dorado. He reports it to vary considerably 
in thickness from place to place, being 85 feet thick 
at the mouth of Plum Canyon, 152 feet in Red 
Bocks Canyon and 175 feet in Chaquaqua Canyon. 
The formation is made up largely of variegated 
clay-shales or joint-clays. Sandstone occurs in 
subordinate amounts, varying much in its position 
in the column, from one point to another. In Red 
Rocks Canyon there is a prominent sandstone at 
the base: there is none at all in Plum Canyon; in 
Chaqna<ina Canyon, four miles from the mouth of 
Plum Creek, there is a coarse, cross-bedded sand- 
st(»nc 50 feet or so from the top of the formation. 
Fig. 16 .—Ztoicer part of the canj^on from this point, perhaps two 

the CHirden Paria see- miles away, 30 feet of limestone is found at the 
« X .. horizon. Some of the sand is very pure and 

incu. use<l as a flux m assavmg. The limestones also 







* See disenttsion uf struetares, 118. 
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\ary muoh in their (»c(*LiiTeiic'e. They are Ufcually more or lobS argil¬ 
laceous. ‘‘The relati\e amount and position of sandstones, shale and 
limestones at any one point is no indication that a similar relation will 
he found at am other ])oint. There is no abrupt lateral change, hut the 
various beds blend into each other or - 1)111011 out laterally in a gradual 
though somewhat rapid manner, so that, while no sudden change seen, 
a comjiarison of sections a* few miles apart may show’ a total change in 
kind and legation of materials" (T ee, 1001. t: 1002, 51. Dinosaur hones 



Fig, 3a. —The “A/ppJ't,” loohbtg west from (iaKlen Patk, Colorado. 

This view Ih in the opposite direction from that in fiff. 12. The section shown in fig. IS 

a as taken in this cliff. 

w’cre found at many horizons, Some of those have heeu identihod by 
Barnuni Brow’u as Morosauru^ and Biplodocus, 

The Bed Beds, Morrison and ‘‘Dakota'^ all have the appearance of being 
conformable, tliongh critical examination has shown that there is evidence 
in favor of concluding tliat there is a stratigraphical l)reak both above 
and below the formation. There is distinct evidence of erosion at the 
surface of the ])Ion*ison, below the “Dakota (Purgatoire), in the presence 
of undulations in the line of contact with the “Dakota'’ (Purgatoire). 
The Morrison lies on beds of gypsnm in those* localities. This gypsum 
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is not differentiated from the nnderljing Eed Beds. Tliere is 

often a transition from Bed Beds into gj-psum. The change from the 
gtpsitm to the lower meml)ers of the ]iIorrison is abrupt, and the gjpsuni 
often decreases in thickness where the Morrison is thick, and the re\etse. 
^Tt is possible, therefore, that the gj’psum beds were exposed and slightly 
eroded previous to the deposition of the shales” (Lee, 1901, "i L 
The following sections of the Morrison in this area are given by Lee 
(1901,7): 

Section near Mouth of Plum Canyon 

Feet Inches 

Dakota fPursjatoire). Two massive sandstone layers soi)arated by 
a soft shale of varying thickness; leaf 
impressions near the top of the upper 

division. liO 

Morrison, Greenwich clay shale, soft and tine grained. 11 

Dull red day shale, soft and fine grained. 12 

Brown to yellow shale. 10 

Argillaceous limestone: numerous fine dark lamiiue. 6 

Buff-colored shale. 18 

Argillaceous limestone; numerous fine dark lamimn. 6 

Variegated joint clay. 18 

Argillaceous limestone, fine grained and hard, with con¬ 
torted laminae. *. 2 

Variegated shales; very soft and easily eroded. 30 

Bed Beds, Dark shales containing Irregular masses of gjT>sum.... 15 

G 5 i)sum containing streaks of day.IS 

Variegated shale containing nodular-like masses of gyp¬ 
sum which vary in size from grains to masses a foot 
or more in diameter. About one third of the mass is 

gypsum. 8 .. 

Gypsum in well-defined lasers. Often separated by 

layers of day. 25 

Massive gypsum. 5 

Red gypsiferous shales, soft and regularly bedded.. 30 to 40 
Red calcareous sandstone, oolitic, cross-bedded. Indi¬ 
vidual layers variable in thickness and character. 

Near the top it becomes shaly and passes gradually 

into the gypsiferons shales above. 60 

Red sandstone, massive, cross-bedded.175 to 200 

Red arenaceous shale. 6 

Red sandstone. 1 

Fine red shale. 4 

Even-bedded red sandstone. 0 

Red arenaceous shale. 2 

Red sandstone, cross-bedded; the individual layers thin 

out laterally. 40 

Poorly cemented red sandstone alternating with layers 
of shale. 15 
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Feet Inches 


Massive red sandstone. 5 

Soft red sandstone containing hard layers which are 

ripple-marked . 30 

Hard, white, ai*gillaceous limestone composed of numer¬ 
ous thin layers; greatly contorted. 4 

Red sandstone in thin flaky layers. 15 

(River bottom.) 



Fig, 17 .—Section of the 2Io>rl3on and re- Fig. IS .—Section of the Morriaon and re¬ 
lated formations in Plum Canyon, Colo- laied formations in Red Rocks Canyon, 
rado, Colorado, 

1. — Purgatoire-Dakota: 2. — Morrison; 1.—Purgatoire; 2.—Morrison; 3,—Gyp- 

:i.—Gypsum at the top of the Bed Beds, sum and Bed Beds, Scale, 125 feet to 1 
Scale, 125 feet to 1 Inch. (Lee.) inch, fljee.) 


iSection in Red Roclcs Canyon 

Feet 

Dakota (Purgatoire) sandstone. 

Brick red arenaceous shale, containing bauds of liard, 

fine-grained sandstone. 25 

Reddish limestone having a conchoidal fracture and 

very brittle. 3 to 5 

Soft dark clay shale. 30 

Light brown clay shale. 11 

Argillaceous limestone. 

Brown shale. 7 

Concretionary limestone. 1 

Variegated clay ^ale; joint structure. T 

Fine yellow paper shale. 3 

Argillaceous limestone, finely laminated. 

i^le.. 

White limestone. 1 

Variegated clay shale. 15 


Inches 


e. 

18 ‘ 
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Feet Inches 

AririlL-Keous linif'stone, tinely laminated. 8 

Yellow ^hale. 4 

Sandstone t'ontainini? aerate either in concretionary 
ma-sses half an inch or more in diameter or dissemi¬ 
nated l^ellerallJ'throuarhout the ma.ss. 1 

Sandstone, easily crumbling: made up of thin layers... S 

Massive sandstone, poorly indurated. 2 

Fine i>ai)er-shale. 2 

Massive sand.stoue, poorly indurated. 7 

<lypsum interstratified with layers of clay.12 to 20 

Hed sandstone (Red Beds). 


I{. (’. Hills (11100, 7) (leseril)o^ the Morrison of tlie Walsenherg quad¬ 
rangle as follows: 

"'Mormon formation ,—Tins foniiatiou aggregates about 270 feet in 
tliickiiesa at the southern extremity of the Greenhorn irountains, where 
there is a narrow outcrop extending along the foothills a distance of 
about 5 miles and passing on beyond the west boundary of the quadrangle. 
It is also exposed along the canyons of the Cucliara and Huerfano for a 
distance of over 20 miles. About midway between the extremities of the 
Greenhorn ilountains outcrop tlie inclination varies from 45° to nearly 
vertical. The lower portion consists of about GO feet of soft, white sand¬ 
stone having a conglomerate layer at the base. This is followed l)y hard, 
fthaly beds of pinkish and gi'eenish tints, breaking into fragments with 
conohoidal fracture. The upper portion consists of variegated .sliales and 
clays alternating with bands of hard, fine-grained limestone, often con¬ 
taining vermilion-colored cherts. One band of conglomerates a few feet 
tlii(*k contains green pebbles. At one point the liasal sandstone overlaps 
the Badito formation, and rests on the Archean at an angle of 15°. In 
the canyons of the Huerfano and Cucliara the strata have Imt slight in¬ 
clination except where an upward Imlge brings an area of the Founiain 
to the surface. Here the thickiie.ss of the Morrison i.s less than 100 feet, 
and corresponds to the upper, variegated pai^ of the Greenhorn outcrop, 
the loiver part being entirely wanting. There is still considerable doulit 
as to the true position of this ftumatioii in the time scale, and the assign¬ 
ment to the Jura-trias is therefore provisional." 

In the Apishapa tjuadrangle the ilorrison consists of bloek}' clay or 
argillite, according to Stot^e 7 I, with thin beds of limestone'and 

some soft sandstone. The argillitei? are of brilliant colors, ranging from 
white to dark brown or red, and to gi-een and drali. Ouly 120 feet of tlie 
formation is exposed in the quadrangle. Stose gives the following com¬ 
posite section of the iqiper part of the Morrison in Huerfano Canyon: 
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Feet 

Sandstones of the I^urgatoire formation. 

Variegated shale and compact argillite, green drab, and dull maroon in 

color, largely covered. 37 

Massive gray sandstone having ocher colorefl spots, with soft fine¬ 
grained chocolate colored sandstone above and red layers toward the 

top. Largely covered. Exact relation not known. 58± 

Greenish-gray shale and compact argillite with 6-inch beds of impure 
limestone and short lenses of sandstone. The limestones contain 
small fresh-water gastropods and lamellibranchs. 25± 


120 ± 

Two miles above the mouth of Jones Lake Fork 
there is an exposure of 100 feet of the formation. 

The uppermost beds at.this point are covered, but 
there is about 30 feet of reddish shale with cal¬ 
careous concretions, underlain by 8-10 feet of lime¬ 
stone. At the base is green argillite. 

Gilbert gives the following partial section at the 
mouth of Jones Lake Fork (Stose, 1912, 7): 

Feet 

Thin sandstone and gray shale (Purgatolre for¬ 
mation I. 

Chocolate colored shale. 16 

Soft pale gray sandstone freckled with brown, 

weathering pale brown.... 10 

Variegated compact blocky shale, red, chocolate, 
green and white, with hands of fine sandstone, 
some tough and browm. The lowest sandstone 

is a fine-grained ro<*k freckled with pale yellow. 51 

__ Pig. 10.— Composite sec- 

tion of the upper part 
* ‘ of the Mon*iaon forma- 
EASTi:a\ M:w Mexico VNPOKLVUOMV tlie Huerfano 

qurulranoRt Colorado, 

The ilorrison occurs a few miles east of Fol- i. — cm^gatoire; 2 .— 
som, New Mexico, in the canyon of the Eio Cimar- 
ron (Lee, 1902, 3). It consists, at this point, of 
25 to 50 feet of variegated cky-shales overlying the upper gj’psum mem¬ 
ber of the Red Bed series. These clays thicken farther east, and 14 miles 
east of Folsom they are about 200 feet thick. The following section by 
Lee was measured at this point: 

Dakota (Purgatoii‘e). Sandstone, massive and quartzitic, somewhat conglom¬ 
eratic in places. 

Shales (Morrison). 200 feet of varicolored shales with local l>eds of brittle 
limestone and lime concretions. A coarse, loose-tex¬ 
tured, cross-bedded sandstone occurs near the top. 

Hed Beds. Deep red sandstone. 
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Still farther ea'^t, belotr the junction of Long Cam on and Eio Cimar¬ 
ron, the irorri>on formation is exposed in an isolated mesa ^rhich stands 
in the midst of the canyon. A section at tliis point, mca'^nied by Lee. is 
as follows: 


Section in Canyon of Rio Cimarron east of Long Canyon 


Feet 


Dakota (Purgatoire). Sandstone, massive, quartzitic, cross-bedded, slightly 
conglomeratic In places. A thin seam of blue 


clay 100 feet from the base. 250 

Shales (Morrison). Colored shale containing layers of argillaceous sand¬ 
stone and limestone. 40 

Coarse grained loose textured sandstone. 50 


Conchuidal limestone with 
clay and coarse sand at 


the base. 10 

Arenaceous shale. 10 

Conchoidal limestone.... 1 to 3 

Variegated shale. 40 

Argillaceous limestone.... 3 


Shale containing irregular 
seams and masses of 
agate - like concretions, 
colored In varying shades 


of blue and pink. 40 

Sandstone. 5 

Red Beds. Gypsum interbedded with 

clay. 20 


Red to purple sandstones 
and shales. 



Fig. 20 .—Section of the Morrison and re¬ 
lated formations in Rio Cimarron Can¬ 
yon, U 9M,les east of Folsom, Rew Mex¬ 
ico. 

1.—^Purgatoire; 2.—^Morrison; 3.—^Exeter. 

Scale, 125 feet to 1 lucb. (Lee.) 



Fig. 21,Section of the Morrison and re¬ 
lated formations in the canyon of Rdo 
Vlmarron east of hong Canyon, New 
Mexico, 

1. — Purgatoire-Dakota; 2. — Morrison; 
3.~Hcd Beds and gypsum. Scale, 125 feet 
to 1 Ineb. (I-iee.) 
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The formation was traced by Lee eastward from Folsom to a point 
seven miles east of the boundary between Xew Mexico and Oklahoma. 
The formation is made up, as usual, of variegated clays with minor 
amounts of sandstone and limestone. "All the members of this forma¬ 
tion vary laterally in character and thickness. Xo two sections exlulnt 
the same order of succession nor the same relative i)roportion of mate¬ 
rials” (Lee, 1902, 5). One member which is persistent in this area is 
a thin bed of agate-like concretions near the base of the formation. 

"In the vicinity of Exeter post-ofiSce the shales are separated from the 
underlying Eed Beds by a well-marked unconformity. The Eed Beds 
were thrown into gentle undulations and these undulations eroded 
vious to the deposition of the younger sediments upon them. Several 
miles west of Exeter post-office the shales rest upon the eroded edges of a 
local arch, from the top of which about sixty feet of the Bed Beds had 
been removed previous to the deposition of the shales. The gypsum, 
which is here considered as the top of the Eed Beds, appears in the flanks 
of the truncated arch. From this point eastward for several miles angu¬ 
lar unconformities w^ere noted at tlie top of the Eed Beds” (Lee, 1903, 5). 

Another section ivas measured by Lee a few miles east of Exeter post 
office. The formation is exposed on buttes and mesas in the midst of the 
canyon. Limestone is an important constituent of the formation at this 
point. The section is as follotvs: 

Section near Eiretcr Pouf Office, in the Canyon of the Rio Cimarron 


Feet Incbefl 

Dakota (Purgatoire). Hard quartzltic sandstone. 78 

Shales (Morrison), Shale, arenaceous in places. 10to 15 

Lime concretions. C 

Eed shale. S 

Sandstone . 4 

Sandstone and .shale (debris covered in places). 50 

Dark rod shale. 30 

Coarse sandstone. 4 

Blue clay. 2 

Calcareous clay. 2 

Blue clay shale with seams of limestone. 30 

Hard brittle limestone. 1 

Shale with thin seams of limestone. 20 

Shale with impure limestone and sandstone bands and 

irregular maases of agate. 10 to 15 

Hard brown, nearly pure limestone. 6 

Hnexposed . 20 

Exeter. White sandstone, massive below but passing to well de¬ 
fine layers above. 35 

Loose textured and readily weathering sandstone. 8 
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Feet Inches 

ALissi\e <*Iuilky white saiidsroiie, cross-btMhled and f*av- 


eniouN weatlieriiijjf. 15 

Soft shal.v sandstone. 2 

Massive evenly laminated sandstone, ranjifiiia: in color 

from red at the base to white at the top. 15 

Red I»e<ls. Red sandstone layers interstratitie<l with red and puiple 

shales . 
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Xear Exeter post ofiBce a sandstone formation 
appears l>et\veen the ilorrison and the Eed Beds. 
^ It lies uuconibrmably upon the Eed Beds. It ap¬ 
parently underlies the ^lorrison t*onl‘omiably . It 
is a tirni, hard and rather coarse hut evenly lami¬ 
nated sandstone, pink to white in (*olor. The lower 
members are pink, while those above are lighter 
(‘olored. It has the appearance of being comj)osed 
of the (‘oarse material eroded from the Eed Beds. 
The sandstone has a maximum thickness of To feet, 
and extends from a point several miles west of 
Exeter, where it thins out, eastward to the Okla- 
homa-Xew Mexico line, where it drops beneath the 
canyon bottom. Xo fossils of any kind have been 
found in this sandstone. It occurs in a series of 
nearly perpendicular clitfs, making a broad con- 
3 tinuous band along the canyon sides (Lee, 1903, 5). 

Tin* Morrison in this locality, according to Lee 
^ 5). ‘^rests in turn (1) upon the gypsum 

vu>. 2 i.-^u-t!ou of the conformably; (2) upon the gypsum and underly- 
uoirihHn and adjacent iug Eed Beds uiiconfomiably; (3) upon the Exeter 
sandstone conformably." Lee abo notes that the 
Bcaf Exeter puet-ontce. Slorrisou shales, as a formation, do not vary to any 
j 1 ^ considerable extent in (.'haraeter or thickness at tliia 

Mo^sJdT^!—*^ te7; locality. “’Whatever may have Iwen the physical 
4.— lied Beds. Seale. 125 conditions prior to the deposition of the ahalAH 
feet to 1 inih. fLee.) j j ^ jj. evident that the shales irere de¬ 

posited o^er a well-graded surface. It follows also that tliere was a 
somi'what notable time-interval between the lied Beds and the shales. A 
part at least of tliis time-interval is represented by the unconformity 
between the lied Beds and the Eseter sandstone. It is uncertain whether 
there is a time break between the Exeter sandstone and the overlying 
shales. However this may be, the seeming conformity which exists in 
many places hetw^een the Bed Beds and the shales is deceptive. The con- 
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tact leally i’e])res-x‘uts the whole time indicated by the nnc(jnfonnitv be¬ 
tween the lied Beds and the Exeter sandstone and the time re(inired to 
form the Exeter sandstone, besides the possible period between the deposi¬ 
tion of the Exeter and that of the shales’’ (1902, 5). 

Tlie Morrison formation is exposed in the canyon of the C^anadian 
lliver. This river flows in a narrow gorge for fifty miles or so, then in a 
broad valley bordered by high escarpments. The thickness of the forma¬ 
tion is approximately 300 feet. The beds are composed mainly of varie¬ 
gated clay-shales and friable sandstones. Limestones also occur in lim¬ 
ited extent. In some localities the limestone layers are all near the top, 
and at others they are differently distrilmted. In no two seetiomi do the 
limestones occur at the same horizon. The sandstones comprise a con¬ 
siderable part of the formation, perhaps one-tliird. The separate beds 
are in some cases firm and in others very friable. ''Fhey grade from sands 
of pure silica to nearly pure clay. A slightly cross-bedded sandstone of 
considerable pei‘sistence may be seen in places near tlie middle of the 
formation. The shales contain red, broum and green members. 

The contact with the overlying Purgatoire is abrupt, l)ut without defi¬ 
nite evidence of disconformity. A coarse, massive, pink sandstone occurs 
at the base. The contact witli the underlying beds is sharp, but without 
distinct disconfoimity (Lee, 1902, 5). 

The following section was measured by Lee, nortli of Bell Kanch: 

Eevtion at the Escarpment north of Bell Ranch 

Feet 


Dakota (Purgatoire). Sandstone, coarse, massive and iiuartzltic. 250 

Shales (Morrison). Variegated shale containing numerous thin hands of 

limestone and sandstone. 50 

Argillaceoas fissile sandstone. 10 

Coarse sandstone. 13 

lUuish-green shale with a few bands of sandstone and im- 

imre limestone. 

Coarse massive sandstone. 15 

Variegated clay shale. 12 

White sandy shale. 5 

Coarse white sandstone, cross-hedded in places. 13 

Colored sandy shale. 15 

Argilla(‘eouH sandstone. 0 

Coarse sjindstone containing lime <‘OU<*retioiis in places. 15 

Variegated shale containing thin layers of sainMone. 36 

Red and green .sliales. 12 

Poorly exposed. Shale seen at intervals. 65 


Rusty brown to red sandstone with bands of red clay.. 10to 50 
? Sandstone. Massive pink to white sandstone. Forms a persistent cliff. 50 to 100 
Red Beds. Friable sandstones and shales in thin layers, red to deep pur¬ 
ple in color... 
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ITig. 23 .—Section of the 
HorriBon and adjacent 
formations in the cf- 
iarpment north of Ball 
Ranch, Neic 3/er/r«. 

1. — Purgatolre - Da¬ 
kota ; 2.—Morrison: 3.— 
Exeter; 4 .—Bed Beds. 
Scale. 126 feet to 1 Inch. 
(I«.) 


Moniiibo:? ITormatidx ix ’Western Colorado 
AXD Easterx Utah 

A series of larie^ated clays and shales occur in 
many localitic'- in wstern Colorado and eastern 
Utah, which ccjrrespond lithologically and strati- 
uraphically with the ilorrisoii formations east of 
the Ro(‘kA’ Mountains. The meager iiuertebrate 
fauna of these clays and sands agrees with that of 
the eastern Morrison, and the discovery by Eiggs 
in 1000 of a lertehrate fauna in these beds, con¬ 
sisting of practicallv the same forms as the fauna 
of the eastern ilorribon, proves that some part, at 
least, of these westoni clays corresponds to all or 
(‘Crtain parts of the Morrison formation east of the 
Eocky ilountains. 

The clays under discussion hai e been referred to 
in diHerent localities as the Gmnison formation, 
McElmo formation. Flaming Gorge formation, 
“Lower Dakota’* and “Jurassic beds.’’ The strata 
included under s(»me of these terms undoubtedly 
contain beds that do not eoiTesp(»nd with any part 
of the eastern Morrison formation. This fact does 
not preclude the probability^ that in general these 
beds <*orrosponcl with the eastern Morrison, 

The western representatives ol the Morrison for¬ 
mation occur in isolated areas preserved by fault¬ 
ing, as at Crested Butte; in hog-backs, as in the 
exposures east of Vernal; and in the walls of river 
canyons as at Grand Junction. Detailed descrip¬ 
tions of tlie formation at some of the better bnoun 
localities are given below. 

The following description of the Gunnison for¬ 
mation in the Crested Butte quadrangle is given 
by Eldridge (1894, 3) : 

Ill the Anthracite-Crested Butte quadrangles the 
Gunnison formation rests unconformably on the 
maroim and older formations. It consists of 
(juartzites and shales, with a minor amount of 
limestone. Its thickness is from 300 to 450 feet 
At the base of the formation is a heavy white 
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quartzite, 50 to 100 ieet tliick^ usually in a single bed. Abo\e this i& a 
blue limestone, which contains shells of Limnea, Taloaia and Cijpri^. 
Ill some caho^ this limestone is succeeded by more sandstones, an<l in 
otlicr cases th(‘se ^andstones are absent. The upper part of the formation 
consists of gray, drab, pink and purple cla^s and marls, throuich which 
run thin intermittent beds of <lrab limestone. 

The lower part of this foimation may corrcsjiond to the La Plata sand¬ 
stone rather than to the ilcElmo or ilorrison. It is tpiite proliable, 
however, that most of the formation is equivalent to the latter. 

This locality is about midway between the eastern front of tlie Pocky 
ifountains and the areas west of the mountaiii^^, where the llorr^on has 
a great thickness. The presence at this point of Morrison beds of medium 
thickness indicates the ])robable former extension of the do])ositb across 
the country now ociaipiod principally hv the crystallines of the Eookv 
Mountains. 

Peale (1871, 2) describes ^^Jnrassic shales'’ in San Miguel and Dolores 
canyons and in the TJncompahgre Talley. The creeks tributary to the 
Gunnison cut througli Dakota and soft “Murassic'’ shales into the niidor- 
lying red sandstones. The San Miguel cuts through ‘Murassic shales.” 
The following section on a creek tributary to it is given by Peale: 

1) . Upper Dakota sandstone. 

2) . Lower Jurassic bhales. 

3) . Jurassic variegated beds. 

4) . Massive led sandstone, light colored. 

At one point the ‘"Jurassic shales" rest on the gneiss, according to 
Peale. He discusses the ""Jurassic shales” as follows: ‘"Immediately 
above the red ])cds is a group of shales and marls, with thin bands of 
limestone near the base. Tliese beds are variegated in color, and corre- 
speiul, lithoh>gically and stratigraphically with the beds that, in oasterii 
and ceiitial Colorado, I referred to the Jura. . . . They api)ear to 
corr(‘.spond closely with the beds measured in the section on the Gunni-on 
in 1874." 

The Gunnison formation of Eldridge was divided by Cioss in the 
Tellnride folio into two fomations, the La Plata formation corresponding 
to the lower part of the (Tunnison formation of the Crested Butte section, 
and the McElmo formation corresponding to the upper part of the orig¬ 
inal Gunnison. Tlie McElmo corresponds much more closely with the 
eastern Morrison than the La Plata, but in some lot*alities it is dilBBcult 
to separate the La Plata from the McElmo, and it is possible that some 
portions of the La Plata are repre^iented in the eastern i[orriffon. 
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In tin* |^n‘^olll tlit* ilcEImo will l>e c*()ih^i<lere(l as related 

the e{M<^rn :\bnTi-nii Inniiatinn. The following de‘^eriptioii<i are from 
Tro-- :i) in the Tidluride folio of tin* United States Geological 

Sur\c_\; 

The McElmo or Mori>oii formation in tl>e Tellnride qnadranglo is a 
vaiiah](‘ ^erie< of ^hale^ and sand>toneb, with the latter more prominent 
than i.s n^iial in tliis formation. The thickness varies from 650 to 900 
feet. The sandstones are generally fine-grained, quartzose, yellow or 
i»ray, and nsiially friable. Some of the sandstone lieds aie mas«iive and 
]vac*h a thickness of 50 feet. More often they are separated by shale 
layers, (hos^-bedding ot-curs in some of the .sandstones, ifany of the 
.san(htone< contain ^mall flat flakes of gieon shale. 

The shales or cla^s are reddish or greenish, or a mixture of both colors. 
They are generally calcareous and sandy. Sandstone layers occur in tlie 
shale. In following tlie formation along tlie walls of tlio San Miguel 
Uanyon a shale stratum may be found to change, within a shoi*t distance, 
to an alternation of sandstone and shale. The reverse change often occurs 
in tlir* case of sandstone beds. 

At the base of the McElmo in this area is a highly colored sliale resting 
on the La Plata sandstone. 

The following is a t\q>ieal section of the IfcElmo formation in the 
Tel I u ride area: 

Feet 


Shale. 11 

Sandstone, rather fine ji?i‘ained. 22 

Shale, sandy, with many thin layers of fine-grained sandstone. Ttt). 

Sandstone, coarse, grading into conglomerate of <iuartz and chert pebbles 

at base. 2-1 

Shale, dull red nr green, with subordinate thin bands of very fine-grained 

calcareous sandstone. 155. 

Sandstone, coarse giiilnwl, cros.s-bedded. 48 

Shale. 11 

Sandstone, massive. 16 

Shale, red, with thin sandstone layers. 53 

Sandstone, white. 11 

Shale, red, with thin sandstone layers. 29“ 

Sandstone, white, i-ross-bedded. 22 

Alternating red .shale and gray sandstone. S5 

Sandstone, massive in lower part, but vAth thin rwl shale pai*tings above. SO 

Shale, sandy... 32 

Sandstone . 8. 

Shale, sandy, choc*olate colored in upper i^art, thin layers of sandstone in 
upiier part. 64 

Total.. 




















69 


MOOK, NTl’Dr OF THE MOFRl^iOX FORM.Vl'IOX 

“Other pceti(tn>i bhov many chaiifies in the relative (lovelopnient of 
sandstone and shale at any jriven horizon. The c-<in}rlomerate. immher 14 
of section, is similar to the Dakota in character, 
but is very variable in development. Holmes noted 
the presence of a conglomerate near the toj) of his 
‘Lower’ Dakota in the plateau countrj' westward, 
and sporadic develo])ments of the same in the ilor- 
rison beds may he seen m varioius places at the 
base of the "Front Eange.” 0\mg to the similarity 
of the lIcElmo beds with the Dakota on the one 
hand and the La Plata on the other, it is ditticnlt 
to determine the exact upper and lower boundaries 
of the formation. 

The Morrison (McElmo) in the Bico i)uad- 
rangle, according To (’ross (190,5, 10), is 500 feet 
or less in thickness. It is composed largely of 
shales at this point, usually (if apple green or dark 
red color, occasionally variegated red or green. 

The shales alteniate with sandstones in varying 
proportions. The sandstones are white, evoJi 
grained, and friable; they often grade laterally 
into sandy shale and finally into clay shale. 

In the Ouray (|uadrangle, the Morrison (ilc- 
Elmo) beds are described by (Toss and Howe 
(ISO'?, 6) as a series of alternating shales and 
sandstones, which vary in thickness and character. 

The average thic'kncss in this district is trom 500 
to (00 feet, the maximum being about 800 feet. 

The shales are varied in color. Dreen predomi¬ 
nates, but in the hiwer bt'ds reds and browns are 
con8])icuoua. Many of the shale beds are tine- 
graiiu'd and porcelain-like, but usually they con¬ 
tain sand. Sandstones are numerous, and are 
usually quartzose, fine-grained, gray and friable. 

They varv considerably in thickness in short dis¬ 
tances, and often show transition to shale or clay 
beds. The separate sandstone layers seldom ex¬ 
ceed 20 feet in thickness. 24 .— <it tne 

The following section of the Morrison (Me- moMsou tomatton tu 
Elmo) foimation is given by Cross and Howe for 
a loc-ality south of Dexter Creek in the Ouray ^ 

quadrangle: f Cross.) 
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Feet 

Shales, slaty, black, alternating with shaly bituminous sandstone; Indi¬ 
vidual layers less than 2 feet thick. 10 

Sandstones, yellowish or greenish, with shaly layers. 14 

Quartzite, dense, gray. 6 

Shales, sandy, black; and line-gi‘ained sandstones, largely (inartzitic, thin 

bedded . 23 

Quartzite, hard, white. 20 

Sandstone, friable, white, containing clay. 10 

Porcelain shales and thin argillaceous sandstones. 21 

Shales, fine-grained near top, dense, porcelain-like below, with sandy 

layers . 42 

Quartzite, massive, white, more friable below, with thin clay layers near 

base . 5 

Sandstone, coarse, white, lower portion indurated and containing a 2-foot 

shale layer. 13 

Shale, green, with some purple and gray layers, very tine grained, much 
of it hard like porcelain; some sandy laj’ers, more numerous near base; 
dark red; rests upon 5 feet of very white and massive porcelain shales. 50 

Shale, red, sandy and containing shaly sandstone. 10 

Green and red porcelain shales and sandstones with a 2-foot pink, fine¬ 
grained limestone at the top. 78 

Sandstone, massive, green above, white below. 0 

Sandy shales and shaly sandstones, green, white and red. 0$> 

Sandstone, white, saccharoidal. 20 

Sandstones and sandy shales, with some porcelain layers, red and green.. 20 

Sandstone, massive, fine-grained, gray, white. 10 

Sandy shale and sandstone, alternating green and red. 20 

Sandstone, fine, greenish white, becoming red and shaly below.. 17 

Sandstone, extremely massive, white; red stains from shales above; 

quartzite in lower part and a thin green shaly layer near base. 70 

Sandstones, with thin limestones and calcareous shaly layers; some reds 

and pinks, prevailing colors buffs and yellows... 120 

Sandstones, heavy bedded, saccharoidal. 11 

Shale and thinly bedded buff sandstone. 10 

Quartzite, light colored, with bluish stains. IS 

Sandstones and shales, red. 05 

779 

La Plata sandstone. 

In the La Plata quadrangle the irorrison (ifcElmo) is fk*«!CTiI)ed by 
Cross, Spencer and Purington (1899, 4) as a series of alternating shales 
and sandstones, from 400 to 500 feet thick. The sandstones are usually 
characterized by the presence of green shale flakes; SO or 60 feet below 
the top of the formation, there is a bed of coarse white conglomerate 
separated from the ^^Dakota^^ by a series of red and green shaly beds. 
The conglomerate contains white and dark quartz pebbles, and is 10 to IS 
feet thick. 
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The ilorrison (McElmo) formation is described 
by Cross (1910, 4) in the Engineer [Moinitain 
quadrangle, as follom: 

‘‘In the Engineer Mountain quadrangle the Mc- 
Elnio has a thicbiess of 400 to 500 feet. It is here 
composed more largely of shale than in the Telln- 
ride quadrangle, where its thickness on the San 
Miguel Eiver is nearly 1000 feet and where sand¬ 
stone forms its most important element. Shale 
and sandstone alternate in the formation in vari¬ 
able proportions. The beds of shale as a rule are 
colored some shade of green, but are locally pink 
or deep Indian red, and they include some varie¬ 
gated red and green bands. The shales are fine 
grained and sandy and occur in homogeneous 
bands, in places several feet thick, with little or no 
distinct lamination. The sandstones are fine and 
even grained and friable in texture; those of the 
lower portion resemble the La Plata sandstone, and 
at least one of the upper beds is very similar to the 
Dakota sandstone. The arenaceous layers are 
white or yellowish and locally grade horizontally 
and vertically into sandy shale and thence into clay 
shale. In the upper part of section there is a fiLne- 
grained conglomerate which is practically identical 
with the lowest conglomerate of the Dakota. The 
large number of crumbling beds in the formation 
cause numerous gaps in all discovered exposures, 
and no detailed section can be given.^^ 

GRAND BITER AREA 

The Morrison (McEhno) formation is well ex¬ 
posed along the Grand River, from its junction 
with the Gunnison Eiver westward into eastern 
Utah. For some distance east of the junction with 
the Gunnison Eiver it is also exposed in the walls 
of the canyon of the Grand River. West of Grand 
Junction, the beds are expose<l on the south side 
of the river only. The exposures are usually sev¬ 
eral miles south of the river, and occur partly iu 
the high cliff whi(‘li forms the northern boundary 
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Fig. cr..— flfeeWow of the 
Morrison formation on 
Dejtter Creek, Rico 
tiuadrattflle, Colorado. 


Scale. 126 feet to 1 toclu 
(Gross.) 
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(H tli«* rij(oinpahi’iv lMatt‘aa, mul j)arth in a lower soiitluvml facing 
clilf a '-lion <li''tanee farther north. 

A "hort <lNrtiiue we^t ot ^lack the iiver turiife ^harplA to the and 
(»n^ allots the toiiiiatioii^, iiiMiii* complete ^ectlon^ oF 5re\eral of the 
format ion V 

4) dohc-nhes the ilorri'^on (McElmo) beds near Fniita 
ii'' u fceriea of tour principal mmuberN aggregating GOO to 700 feet in 
thiekueb«. The lowest of the four he assign? to a marine origin. It is 
300 to r2() feet in thickness, consisting of liluish-graj, gypsum-hearing 
tla\s, with thin layeis of tine-grained sandstone, and veiy thin layei's of 
nodular limestone. This* division grades into the second, which he 
a'^^igiis to a tiesh-waier origin. The second division contains no lime¬ 
stone, and consists largeh of homogeneous and massiie clai^. A ledge 
of line-grained sandstone occins near tlie l^ase. The second diMsion is 
al)out Idd feet thick, and consists of greenish clay shale, containing oi*ea- 
sional ledges of gieen sandstone and a few' la\ers of chi\ nodule'-. Con¬ 
spicuous handing is not present. The third division consists of a darker 
zone containing frequent ledges of cross-bedded sandstone. This series 
is 40 to 50 feet thick. The sandstones \aiT from fine-grained to coaise- 
giained, and from thin layers to massive layers. They are often rich in 
iron and brown in (*olor. In places this division is entiielv absent. The 
fourth division consists of variegated clays 300 feet or moie in thii'kness, 
characterized by brilliant coloring and conspicuous bauding. “Tlje alter¬ 
nation between green and purplish bands does not mark anv variation in 
the nature of haidness of these massive joint clays."' Thin la;\ers of cal¬ 
careous nodules and sandstones occur, Modular giay sandstone and thick 
lodges of cross-htMided sandstone, and lenticular masses of sandstone occur 
loi^ally. 

Lee (1912, G> has described the ilorristm (Ih^Elino) beds in the (iraiid 
Hiver region as a variegated sandstone and shale formation Iving between 
the red l)edB and the Cretaceous beds. The foimatioii here has a thick¬ 
ness of 682 feet. The upper limit is marked by an orosional uncon¬ 
formity. Tiie lormatioii is divisible into tw'o general divisions w'hich 
are distinct lithologically, but still represeut contiimous deposition. The 
low'er mt^mber f X<»h. 9-11 in section] consists principally of even-bedded 
flaggy' sandstone Tliis is the series Eiggs referred to as the maiine 
tTurassic'. It contains some limestone. The upper member [Xos. 5-8 in 
section] consists principally of variegated s^hale witli a coarse conglomerate 
near the top. 

The following section of the Morrison (lleElmo or (luimison) forma¬ 
tion is gi\en by Liv: 



MOOK. ,STUDY OF THE MORRISOy FORM 1770\ 


Section of Ro(1cs exposed in Gunnison Cannon at the 
2foutJi of Wells Gulch 

Feet 

1. Stindbtone iu tliiii flinty layers separated by 

(lark colored sliale. 2o 

2. Coal. :j 

3. Shale, carbonaceous. 8 

4. Conglomerate, quartzitic, gray to buff (Da¬ 

kota) . lo 

[Base of Dakota and top of Morrison.] 

5. Sandstone. conglomerati(\ with beds of varie¬ 

gated shale. The conglomerate contains 
many pebbles of (jaitz and jasper.100 

6. Shale, variegated.175 

7. Sandstone, white, argillaceous. 5 

S. Shale, soft, variegated: contains pockets filled 

with pebbles of jasi)er, chert, argillite, etc.: 
also glo])ular lenticular bodies of pink to 
red calcite, having a maximum diameter of 


5 feet. 200 

9. Sandstone, gray, coarse-grained, cross-bedded. »50 

10. Sandstone, biwn, massive. 8 

11. Shale, pink. 10 

12. Sandstone, brown, massive. 15 

1.3. Shale, sandy. 10 

14. Sandstone, flinty. 4 

15. Shale, variegated. 30 

16. Shale and limestone, evenly bedded. 25 

IT. Shale and sandstone in thin regulaidy l)edded 

layers. 50 

Unconformity by erosion. 

18. Sandstone (red beds). (?) 


728 

The Morrison (McElmo) formation is very well 
exposed a few miles southwest of Mack, where the 
Grand Eiver makes a sharp turn and where a trib¬ 
utary cuts directly across the strata. The bend in 
the river cuts directly across a large monoclinal 
fold, exposing the underlying beds. Good expos¬ 
ures occur for considerable distances, and it is pos¬ 
sible to make a complete section of the formation 
at a number of points. The chief characteristic of 
the formation in this district is the presence of a 
number of heavy, white, cross-bedded sandstones, 
whidi stand out as prominent ledges. Sandstones 
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FiQ. 20 .—Section of the 
Horrliion formation in 
Q-ttnntson Vanyon at 
the mouth of Wells 
Gulch, Colorado, 

1,—Dakota; 2,—Mor¬ 
rison. Scale, 125 feet to 
1 inch, lLee.j 




































































Fio. 28.— Qrand MeBa, south of Grand J^unctton^ OoloradOj looking soutK Morrioon 
outcrops tn the foreground. 




MOOK t^TUDl OF THE VOnRIlsO^ F0i?)/ir/O\ 



Fiq. 29 .—MotriBon fonnaUon south of Qtand JunHion, Coloiado, looking north. 


are especially characteristic o£ the lower portion of the formation, but 
heavy beds occur at intervals up to the top. A bed of limestone ? feet 
thick is also present in the lower portion. The following section was 
measured by the writer m 1914: 


Section of HcElmo Formation near J/acA., Colorado 

33. Dark, arkosic sandstone, taken as base of the ‘‘Dakota'. 

32. Clay . 

31. Sandstone . 

30. Covered . 

29. Cross-bedded white sandstone. 

28. Clay . 

27. Cross-bedded white sandstone. 

26. Clay . 

25. Lumpy clay... 

24. Variegated days.. 

23. White sandstone of varying size of grain. 

22, Green sandstone, in places conglomeratic... 

21. Clay, greenish at top. 

20. h. Sandstone ..... 

a White clay... 


Feet 

2 

34 e. 

u 

5 

11 

40 

11 

9 

1 

62 

3 

2 

16 

3 

0 
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21 0 t t i s o n fanniiUon 
nenr Muck, Cufm ado. 

Tb<* overljlncj forma¬ 
tion ia the “Dakota," 
and the underl> in«$ is 
the La Plata f^ndstone. 
Scale. 12.' feet lo 1 Inch. 
(Section by the wrirer.) 


Feet 

10. Red sandstone or shale. 1% 

15. <. Olay, white at top. 7 

h. Red shale. 1 

a. Cltiy . 25 

17. White, <-oarse. eross-hedded sandstone with 

clay and shale members near the top.... 30 

16. r. Clay . 16 

7>. Sandj. compact clay. 1 

a. Olay . 27% 

15. White, cross-bedded sandstone. 17 

14. Clay. 30 

13. Heavy, cross-bedded sandstone. 23 

12. Clay, may cover sandstone or nodule layers. 57 

11. Sandstone . 1 

10. Covered .. 22 

0. Heavy, cro.ss-bodded sjindstoiie. 31 

s. Variegated clay with lumps, esptKdally at 

top . 10 

7. Limestone . 2 

0. c. Clays . r>2 

h. Sandstone. lo 

a. Cross-bedded sandstone. 25 e. 

5. Sandstones and <‘lays alternating. Mostly 
sandstones in he<ls 1-2 feet thick. Sand¬ 
stone sometimes dies out and is replaced 

by clay, with or ^\ithout nodules. 20 

4. Red sand clay with nodules. 25 

3. Cray sliale. 7 

2. White sandstone with some clay. 24 

1. linkish white sandstone. SO 

Total. 766 


The ^Morrison is underlain by the La Plata 
sandstone in most of the sonthA^estem Oolorado 
areas, with ai)parent conformitj. Beneath the La 
Plata, which is Jurassic in a<ie, there is a well 
marked stratigraphic' break. At different locali¬ 
ties the La Plata lies upon the Dolores beds, of 
Triassic aue, upon the Cutler and llermosa for¬ 
mations, of late Paleoztue age. and upon pre-Cam- 
briau crystallines (Ci-oss and Larsen, 1914, 7). 

The MeElnio formation near Green River, Utah, 
has ])ecn recently described by Lupton (1914. 3), 
It is from 1000 to 1200 feet thick at this place. 
Marine fossils in the lower part indicate, however, 
that part of the beds included in Lupton’s section 
nin\ btdoiig to the underlying Jurassic beds. 

The section is as follows; 
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Pig, il2.— OhU runts of thv If on ism formutum near Markt Colorado. 
The section shown in ll^f. m was taken at this point 


l.AN l/,.s lOSK A.ClDEill OF fiClEyFEt^ 


Feet Inches 

SaiuNtoue, gra.\, weatUo:*'- contain'^ clay-ball concretiou's 

in places... 8 

C'ia 3 , bliii'-h trraj ; coutains a little limestone about 5 feet below 


top. 28 6 

Claj, hrich and purplish, sandy; contains se\eral thin 

])e<ls of £rray to white sandstone. 116 

>SandstonG, t;ra.A: weatliers hi*own; indurated at base, conglomer¬ 
atic and quartzitic in places, lenticular. 5 

Olay, brick red. sandy. 52 

Sandstone, brick red, masshe. 11 

Olay, brick red, sandy. 12 

Sandstone, gray, conglomeratic; contains some interbedded gra.s 

sandy shale. 58 

Sandstone, reddish, calcareous. 17 

Sandstone, gray to white, soft, cross-bedded in places. 10 

Sandstone, red and gray, soft, calcareous. 42 

Sandstone, graj to white, soft, massive; contains a little argil¬ 
laceous mateidal. 37 

Sandstone, grajdsh brown, interbedded with gi*ay and reddish cal¬ 
careous and argillaceous sandstone. 27 

Sandstone, white, weathers reddish brown. 12 

Sandstone, red with streaks of green, calcareous. 20 

Sandstone, grayish bi*own, with calcareous layers. 50 

Sandstone, brown. 2 

Sandstone, calcareous. 5 

Sandstone, grayish brown, medium bedded. 4 

Sandstone, red below and gray above, very calcareous; contains 

many small nodules. 40 

Sandstone, brick red, thin and medium bedded. This sandstone 
is believed to l>e calcareous. It bears manganese ore in the 

upper part. 128 

Sandstone, red, massive. 400± . • 


l,087t^ 

KORTHEASTERX UTAH AND NORTHWESTERN COLOR IDO 

The Flaming Gorge formations in northwestern Colorado and north¬ 
eastern Utah hare been described H. S. Gale (1910, 6) as dark- 
greenish shales and sandstones, ”with fossils. Above the fossiliferous beds 
are 75 feet of dark thin-bedded, ripple-marked sandstone. This part of 
the Flaming Gorge represents the marine Jurassic which is character¬ 
istically represented in "Wyoniing by the Sundance formation. Above the 
marine beds are 650 feet of varicolored beds, usually of light pink and 
green. The Carnegie lluseum of Pittsburgh has been operating a dino¬ 
saur quany in these beds near Jensen, Utah. The beds in this vicinity 
are largely dark colored variegated clays, with interspersed layers of 



























MOOK. STUDY OP THE MOBRISOX FORM LTION 


79 


coarse sandstone of moderate thickness. The sandstoiie.^. are resistant to 
erosion, and the beds (hp steeply toward the nest, ''[’he sandstones cap 
ridges underlain l)y the softer elaj's, making a .xerie' of parallel or con- 



Fig, 33 .—ffection of the McElmo formation near Breen River, Utah. 

This section probably Includes more than Morrison, marine Jurassic fossils have been 
found in the base. Scale, 125 feet to 1 inch. (Lupton.) 

centric hog-backs, the outer one of which is capped by the “Dakota” sand¬ 
stone. The contact of the marine and non-marine lieds is obscure and 
difficult to determine at the site of the Carnegie ^laseum's quarry. 
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Pig. 34.— Oiitn^ait of the Moiniion formation uca) Jensen, Itati. 

MoRiasox FouiOTiox in Monta^ta and Wyoming (Except the 
Blick HiLLb Area) 

(CENTRAL AND bOl'TJIERN .AlO^TANA 

Thp Moirib<ju tormalion ha^ iit>t l)een ina 2 )|)e(l or doscribod from many 
loi-alities in Montana. It oc-euis in tho (iroat Falls eoal Hold and neigh¬ 
boring localities and aiound the noitliein end of the Bighorn Mountains. 
It prol)abl\ occum elsewhere, Init either has not been inap[)e(b lia^ not 
been sejiaiated fiom the Kootenie, or is biiiied beneath ymmger Torma- 
tions. The relation <»f the Koot<*nie to tln^ Morrison, and its lithological 
similarity, may jx'ssibly indicate that the Kootenie ma\ bo in part e<ini\a- 
lent to some jairts of the Morris m. 

The Morris(»n occurs in the Electric coal field, and has l)een de-^criljed 
by (Advert (1JH2. *2). (Vilveit ghe'^ the following section: 

Feet Inebes 


Sanclstniie. Urow'iiisb. soft, eapped by 1 foot of intrusive. 23 

Shale, varlejwted, and sandstone, alternating, tlie latter reddish 

brown ..... 65 

Intmslve ... S 

Shale, Duridish and maroon, alternating with tbin reddi.sh-brown 
sandstone ..... TR 
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Feet Inubes 

Sandstones, thin, and sandy shale, with 2 feet of brown sandstone 
at top. 18 


185+ S 

The iloirisoii in this locality lies o\cr the Ellis lijnestoae, correspoTid- 
ing to the Sundance beds of "Wyoming. There is a break below the 
indicating an erosion period of considerable length. 

In the Great Falls region the Morrison has been iv.-.:...-....; 
described by Fisher (lOOl, 3: 1909, 11; 1909, 1.1). 

He gives the following liricf description of the fiut- 
crops of the Morrison: “The formation is goner- 
allv exposed in a narrow band on the iimer rim of 
a low ridge formed by the harder oterlying rocks 
of the Kootenie formation. It outcrops all along 
the base of the Little Belt ^Mountains from the 
east end of the district to Smith Bher. Good ev- 
posures occur along the upper courses of Sage. 

Skull, Eunning Wolf, llazlett, Surprise, Geyser, fio. S 5 .—section of the 
and Otter creeks, and in the bluffs for some dis- fj,'!^iZrlrcoairml 
taiice back from the moinitains along Belt C^reek, Montana. 

Sand Coulee, Smith Eiver and its tributary, Ming Scale, 125 feet to 1 inch. 
Coulee/^ The Morrison rests uith ajiparent con- (Calvert) 

formity on the Ellis fonnation, yrliich in turn rests ancoiiformably on 
Cai‘bonifeTous b(‘ds. The Kootenie oterlies the ih^rrisou conformably. 

Fisher gives the folloudiio sections: 


i^ectm of the JHomson Formfion on the cast side of Belt Crecl\ ^loiitmut, in 
.V. E. ^cc. 30, T. IS X. J?. T E. 

Feet 


Gray, thin-bedded sandstone. 17 

Pebbly concjlomerate o<*cnrriiifi: in leuse^... 6 

Maroon and s?reeii shale. 32 

Green shale canned by II 3 feet of j^ray sundstoue. 5 

Calcareous siindstouc, weatheiina: lij^ht brown... 5 

Green shale. 20 

Massive sandstone, wt^athorinj? llsfht brown... 7 

Dark-green shale containing thin limestone layei*s. 9 


Ellis formation. 


120 


































.lA.N tz.N \L\\ u*{Di:uy (Ji 


fio#i of rhi \fonisn,} ronuntioii in tin A E, ijt See. 3, T. 16 N.. R. 10 17., 
ti*ai shantton Uontaun 

Feet Inches 

Ko«>reuie foimatum 

Retls 20 

Sh^iVs, ml <iuO cniitiiiuiiic; iron*Nt<>ni* lii.\eis at ha^e. 46 

Limestone, lijrht <oh>re<l, fossiliferoiis. 5 

Slialo, jrreen, sanrly, fossiliferous. 25 

Lime<;toiie. white, fine-drained, thin-bedded. 6 

Shale, green, sandy. 13 

109 6 




Fig 36 —Section of the Jilotriaon foima- 
tion on Belt Cietk, Uontana 

Scale, 123 feet to 1 Inch. (Fisher.) 


Fig Z'i.—Section of the Mortiaon foima- 
tiott neai Shannon Creek, Montana 

Scale, 125 feet to 1 inch. (Fisher.) 


BIGHOR>r ilOUNTAINS 

Tlie Mornson formation is exposed along the eastern, northern and 
western sides of the Bighorn ilountains. The following description is 
taken largely from Darton (1906, 3). 

The band of outcrops is almost a continuous one, except in a few local¬ 
ities where it is overlain hv Tertiarj' deposits. Owing to the softness of 
the material of the formation, most of the outcrops are poor and are often 
covered with talus. 

The thickness of the formation vaides from 100 to ?50 feet. West of 
Greub it is 160 feet, southwest of Buffalo 360 feet, northwest of Buffalo 
150 feet, on Little Eapid Creek it is 300 feet, on Wolf Creek less than 
100 feet, on Little Tongue Biver 130 feet, on Amsden Creek 150 feet, 
and about 150 feet or a little less on the northeastern side of the moun¬ 
tains in Montana. There is a considerable variation on the southeast 
side of the mountains. East of Bamum it is about 150 feet, east of 
Houck’s 100 feet, near Qriggs 200 feet, on the uplift south of Tisdel’s 
ranch it is 250 feet. In the ’licinity of Tensleep it is about 250 feet. 
On Alkali Creek, north of Cloverly, it is 283 feet, and in the region of 
Themopolis, 120 to 130 feet. 

Xear Cloverly, where the dip is low, the outcrops cover large areas. 
In most localities the Morrison occupies a low saddle between the ^opes 
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of the Cliugwater-Sundance ridge on the one hand and the hog-hack of 
the Oloverly on the other. 

The formation is inostlj’ made up of hard cdaj or ma'.^ive &hale, lan- 
iug m color from i>ale gieenish to maroon, nith darker clay at its summit. 
Several beds of hght gray sandstone 2 to 20 feet thick are usually in¬ 
cluded. ‘‘These sandstones are usually soft, and on Moatheunn: exhibit 
thin, irregular bedding planes which generally hai e a peculiar wavy sur¬ 
face suggestive of incipient cross-bedding." There is- appareiith a con¬ 
formable contact between the Monison and Sundance bed^. In tlie liict 





Pig. 38 .—Section of the Morrison forma- Pio. 50 .—Heition of the Morrison formor 
tion on South Fork of Hock Creek, tion on the south side of Muddy Creek, 
northicest of Buffalo, Wyominq, boiithuest of Buffalo, Wyoming, 

Scale, 125 feet to 1 Inch. (Darton.) Scale, 125 feet to 1 inch. (Darton.) 

hollow south of South Fork of Eoek Cre^k, noithweet of Buffalo, the base 
of the Morrison consists of 40 feet of soft greenish-gray and pale-buff 
sandstones; then 80 feet of clays, 15 feet of the tvyiical sandstone above 
described, and at the top 30 feet of clays, maroon, buff and greenish 
below and dark aliove. A mile south of Muddy Creek, southwest of 
Buffalo, there is an exceptionally good outcrop of the Morrison formation. 
It exhibits at the top 10 feet of reddish shale which grades down into 
dark shale, followed by 240 feet of hard, chalky clays of maroon and 
green color. This scries of clays contains occasional thin sandstone part¬ 
ings, and one bed 6 feet thick near the middle. This bed is hard, light- 
colored, and weathers in thin beds with irregular wavy surface. Kear 
the base of the series the clay is red, Next below is an 8-foot bed of 
white sandstone. Below ibis sandstone and resting on the Sundance beds 
are a few feet of soft gray and buff sandstones. On Little Poison Creek 
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t'.t* c-liarfH'it‘1'^ aiv vt^ry '*iiiiilar to thoe on ^Mnddy <'rook. A mile Jiortli 
o*' Miildlo Fork of C’razy Woman Creek the hoctioii ih as follows: 

Feet 

Chalky clays, li^^ht v,Teou above, maroon below. 80 

Grayihli-buff saadstone ooutaluiug plants and saurian bones.Oto 12 

Alaroon and lii;ht ^^-een chalky clays with thin sandstone layers. 70 

Wliite soft mahhive sandstone resembling the Unkpapa of the Black Hills 

region . 12 to 15 

(treenisli sjtndy <*lays <ma} belong to the Sundance formation y. 20 



Fig. 40 .—Section of the Morrison forma' 
thn norih of Middle Fork of Crazif 
Woman Creek, Wyoming. 

1.—Morrison formation; 2.—Sundance 
formation. Seale, 125 feet to 1 inch. { Bar¬ 
ton.) 


188 to 197 



Fio. 41.— Se<.tion of the Morrison foi'tna- 
tion near Bearer Creek, Wyoming. 

Scale, 125 feet to 1 Inch. (Barton.) 


Xear Beaver Creek the .section is as follows: 

ITeet 

Light green to maroon chalky clays containing a 2-foot bed of lime¬ 


stone 10 feet below the top... 50 

Samlstoue . 4 

CUays, in part maroon. 25 

Sandstone [thickness not given, probably very thinj. 

Shale . 10 

Limestone ^vlth no fossils. 1% 

Red to maroon clays with thin sandstone layei^s. 25 

Thln-bedded sandstone.*. 2 

Soft, ma.s.sive. white sandstone. 20 

Clays (a few feet). 


137%+ 

Soiith ot Fort C. F. 8mith. ilontana, the following section occurs: 

Feet 

Greenish-gray sandy shale, upper part soft (unoonformably overlain by 


Oloverly sandstone)....... 1$ 

Buff sandstone.. 5 
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Feet 


Massive gray suiulstoue. -0 

Variegated shiale; pale red and green tints. 7r> 

LigM colored, fine-grained, soft sandstone lying on brown saiidsttaie of 
the Sundance formation. -5 


The se<‘tion near Tensleep is as follows: 

j?eet 

Gray shale capped by Cloverly sandstoin'... 40 


Greenish-gray clays.100 

Maroon to red clays. 50 

Sandstone . 5S 

Greenish-gi*ay to re<ldish sandy shale. 50 


20S 




143 


Vui. 4*i.— t<€ifion of the Mon'mn forma- Fiu. 43 .—Hcition tf the Morrison formor 
tion south of Fort (\ F, F^mlth^ytontana. tlon near Tensleeit, Wifomlng. 

Scale, I'Jto fwit to 1 inch. (Parton.) Scale. 125 feet to 1 Inch. fDttrton.> 


The following is a typical section of the Morrison on Alkali Creek: 

Feet 


Pale green massive shale (ovorluin by Cloverly sandstone). 50 

Thin-bedded gray sandstone, brown on surface. 15 

Pale green massive shale... 5 

Blue-black shale. 10 

Maroon massive shale... 10 

Variegated massivo shale. 45 

Thin-bedded gray siindstone. 6 

Variegated massive shale, drab, purple and maroon. 65 

Pale green to white sandstone... 6 

Pale green and maroon massive shale. 85 

Pale gi*een massive sandstone.*. 45 

Red sandy shale (lying on the Sundance formation). 40 


382 

Xorth of Thermopolis the formation contains, near its middle, a 
massive fine-grained, soft, greenish-gray sandstone 50 feet or nioie in 












































pjG, 44 ,—Seclinn of the ^lonison foi*ma- Fiu. 45 ,—Section of the Monl&on forma¬ 
tion on Alkali Creek, Wyoming. tion on the Shoshone River, Wyoming. 

Scale, 125 feet to 1 inch. (Barton.) Scale, 125 feet to 1 Inch. (Hewett.) 

siiosnoxE mvEii kegiox 

The following section of the Morrison formation was made by Hewoit, 
on the Shoshone Eiver, AVyoming (1914, 2 ): 

Feet 


Shale, maroon and ^ay, sandy. 50 

Sandstone, buff. 6 

Shale, gray, sandy. 12 

Sandstone, buff. 4 

Shale, gray, sandy. 10 

Sandstone, buff, eroHS-bedded. 8 

Clay, gray, sandy. 50 
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Feet 


Sandstone, buff, tine-grained, evenly bedde<l and ripide-marked. 6 

Olay, maroon and yellow, sandy. 44 

Clay, dark brown to black, containing saurian vertebne, limb bones, and 

gastrolitbs . 20 

Sand, gray, argillaceous, only locally indurated, containing wood sllicified 
in places, as well as rounded pebbles of similar material; carbonized 

plant remains and small calcareous concretions. 50 

Olay, maroon, sandy. 55 

Sandstone, white, homogeneous, only locally indurated. 25 

Olay, prevailingly gray and olive colored, but with three broad maroon 

bands, sandy.100 

Shale, green sandy, transitional to upper sjindstone of the Sundance for¬ 
mation .140 


580 


C EXTRA! AXB SOUTIIERX WYOAIIXG 

C. A. Fisher (1900, 4) describes the Morrison formation in the Absa- 
roka and Owl Creek Mountain regions as follows; 

Along the western side of the basin [Bighorn] the Morrison formation 
is about 150 feet thick. It consists of alternating layers of gray fine¬ 
grained sandstone and dark-gray sandy shale. Near the base there is 
often a thin bed of gray limestone. In one locality near the southern 
end of the Cedar Mountain anticline a deposit of gypsum 8 feet thick 
was obsers’ed near the top of the formation.'’ Fisher gives the follow¬ 
ing sections: 

Section of Morrison Formation on Trail Creeh, northxccst of Cody, Wyoming 

Feet 

Oloverly formation. 

Green, sandy shales alternating with green clay containing thin layers of 


gray limestone throughout.. 100 

Massive, fine-grained gray sandstone lying on Sundance formation. 30 


130 


Generalized Section of Morrison Formation south of Clark Fork Canyon, 

Wyoming 


Cleverly formation. 

Massive greenish-gray sandstone. 

Greenish day. 

Dark gray limestone... 

Dark gray sandy shale lying on Sundance formation 


Feet 

80 

60 

1 

20 


161 
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I.VxVILaV yiiJW YORK {C\l)M]IY OR ^VIRWKR 


^coimi of MoniHon FormatUm mar \Yat^oi\'i< Ranch, an Finhar Road, jnnt 
north of Owl Vrcck, Wifonum/ 


Foot 


Massivo trrny saiidslime. 10 

Conc*oalO(l mat(‘nnl. ovidiMitly soft lUid sand.\. 1125 


l.T) 



Fn!. 4(5 .—nertioH of the Mnrrhon forma¬ 
tion on Tiail (J)ecl', nottlure^i of Cody, 
’Wyoming. 

1.—MorHhOu formal ion ; 2. —Hundanco 
formation. KcaUs 125 foot to X inch. 
(P'lsher.) 



Fio 47 .—nation of the l/or/*f«ow forma¬ 
tion Honth of VUok Folk Cannon, Who- 
mnuj. 

Scalo, 125 f(H4 to 1 inch. tFi>»iaT.) 


The following section of the Morrison formation in the Douglas oil 
and gas field, Wyoming, is given by Barnett (191-1, I): 


Section of the Morrinon and Fundance Formationn in cant bluff of North Flattc 
River, ui Foe, 9, T, ,‘51 R. 71 W. 


Feet 


Morrison formation: 

Whale, blue and red, with a O-foot earbonaetMnis shale netu* top. ISO 

Limestone, compaet, fossiliferous. 5 

Suiulanoe formation: 

Whale, blue and pink, eal(*are(ms and .samly, fossiliferous in lower part (10 

Wandslone . 10 

Whale, Iduish ifray, with few bamls of sandsloue. 00 

Wandstoue . 12 

Whale, bluish jjray, stuidy.*. 50 

Wandstoue, wray, heavy IxMlded.*. 75 


In central and southern Wyoming the Morrison formation l:as h(‘(m 
well doscribedln Dartou (1908, J). Tlie formation oiitcrojis along the 
eastern border of the Wind Hirer "Mountains, along both si(l(‘s of the Owl 
Creek Mountains, on the north side of the Hattlesnak{‘ Mountains, in llu' 
Shirley and Proezcowt Hills, south of (^isper and Douglas and (‘ast of 
Medicine B(^w and Rpek (hvek. It also occurs near Sh(M‘|) Mountain, 
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eubt oL* Jolin, and in the CVntamial Vallo\. Oiitcrojjs okmit on both tbe 
oasi and wobt sidos oT tho Laraniio Mouniiiins. In ili(‘ \i(‘init\ of Landor, 
the tliicknoss of tlio formation is /Jgr) 
fool, (‘onsistin^ mainly of palo green 
to maroon massi\<‘ slialos, with thin 
hods of sandston(‘. N<‘ar Fort Wash¬ 
akie it is ^00 foot thick, and has a 4- 
foot sandstone bod near the middle. 

The tliicknoss in the Owl C^roek re¬ 
gion varies from 100 to ‘^')0 feet, in 
general diminishing from cast to 
west. In this region the formation 
consists ])rinei|)ally of pale green 
sandy shale, with some darker tints. 

A thick bed of soft sandstone usually 
occupies tlu‘ ('ontral portion. ^Tn ex¬ 
tensive (‘X])osures on the east side of 




Fio. tion of the JJ/ormow forma' 

ilou near \Vatwn\ taoeh oo Mmhar road 
jii^t north ol Owl Crvik, Wifomluf/. 

Roalo, 125 UmM to 1 Inch. (FIshor,) 


Fi(}. 40 .—Hectwn oi the Vorritton and Sun- 
dmtte fonuattom In ewit bluff of North 
Platte Itirer, In ner, V, T, ,tf X. It, 7/ W„ 
WifomfHff. 

Scale, 125 feot to I Inch. (Barnett.) 


Red (‘reek, niil(‘s (‘ast of tlu‘ summit of Black lloiintaiii, the fonnation 
is about 150 IVet thick.”' Dartou gives the following section at this point: 


At the top, soft massive sandstones, mainly of Imff eolor, also pink, lyiiiK 

ou red and maroon elays. 50 

Red sandy elays, with a few sandstone layers from 0 Inches to a foot thl<*k 50 
Massive sandy clays of altt'riiating bauds of gray and maroon. 50 


The ]\Ionison formation is well exposed in tlie vicinity of Medicine 
Bow. In l‘omo Bluff, a few miles east of this place, a good saerios of 
outcrops occur, while on the o])posite side of the anticline of which it 
fonns the southern limb, another series of outtTops are less well exposed. 
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ANNALS NEW YOEK ACADEMY OF SCIENCES 


Dinosaur remains have l)C(‘n found in ^n*(‘at abinnlatiee in this region, 
and a niimhor of verv prodnoiivc bone (|U‘arries have Ijeen ojiened^ The 
following seed ion of (V)ino Rluff is given by J)arlon: 


WhU(*, Jiiaasivo saiulsloiK*, eenf^lomeratie Ulloverly). 

niuisU io grceiilsli shales. 

Limestone, lumpy. 

Bluish to olive green shales... 

Limestone, lumpy... 

Blue and red shale. 


l<'oet 


50 

1 

80 

1 

120 


202 



Fig. 50 .—Section of the Moirlwn forma¬ 
tion an lied Creek, J milec cast of Black 
Mountain mmmlt, Oiol Creek Mountains, 
Wyomlno^ 

Scale, 125 feet to 1 inch. (Barton.) 



Fm5. 51 .—Section of the Uomnon format 
Non In Como Bhtjf, Wifomtnff, 

Scale, 125 foot to 1 Inch. (Barton.) 


Three sections in the nortli and south sides ot the Conio anticline and 
in the Alodicino antudinc or ‘‘Bone Cabin Draw'’ are given by Loomis 
(1901, 6) as follows: 

# 

Scciion OH north ftMr of the Como Anticlinr 


Dakota [Oloverlyl 

Straw yelhnv saudHtono. 120-|- 

Blaek sandstone. 8 

Yellow sjmdstone. 12 

Jurassic [Morrison and Sundanwl 

Bluish-green clay. 20 

Greeft clay. ^0 

Flint . 3/2 

Green clay. 15 

Concretions. 2 

Green clay. 0 

Green clay with small concretions. 0 

Maroon clay with small concretions. 28 

Green day,. 20 

Sandstone . o 
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Feet 

(iroeix clay... 9 

Sandstone . 2 


<Sreeii, manxui, r<‘d clay. 20 

Sandstoiio ... 1% 

<ilroeii day. 20 

Saiulslono . 2 


Green clay 



FiQ. r)%—S&‘tlon of the 
Morrinon atul FfiituJance 
furmnlUmn o n the 
north Hide of Como 
AntleUnc, ^Vifomi^W^ 

1.—Morrison f o v m a- 
Uon; 12. Hinalaneo f(>r- 
matlou. Wcalo, t!25 frrt 
1 inch. 


. CO 

Sandstone . 1% 

Maroon day. 20 

Sandstone . 

PuiTile clay with limestoii(*s. 20 

Brown clay with limestone beds. 70 

ToUil of Jurassic [MorrLsou and 
Sundance]. 378 5/0 

ficetion Oil south side of the Como AnticUnc, or Como 
Bluff 

Da koto L<'h)m‘ly1 . Feet 

Sandstone . 200+ 

Black and red sandstone. 4 

Straw ytdlow sandstone. 20 

Jurassb* IMorri.son and Sundance] 

Maroon day. 10 

BlnisU green clay. 15 

Yellow green clay. 15 

Bluish green day. 15 

Sandy day. 5 

Gr(H,'n clay. 2 

Concretions . 1 

Green day. 15 

Sandstone . 4 

Green day. 10 

(Jreeii <*lay with small coinTotlons. 25 

Maroon day with small concretions.. 20 

(Jroeii day*... 0 

lied day. 5 

Maroon day. 7 


lied day. 

Gray sainlstone. 

Dark green day. 

Sandstone .\ . 

Ued and grcxni clay. 

Sandstone ... 

Green day. 

Sandstone . 

Purple clay with limestones. 
Gray brown (*lay...... 


8 

28 

10 

IV 2 

10 

2 

25 

12 

15 

55 


Total of Jurassic [Morrison and Sundance] 


332 ^ 
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ANNALIi^ KliJW YORK AaiDRUY OF 



Fig. 53.— JiJxpoHUi&i of the Moirlaon fortnatlon in Como Hint), Wifominff. 
AfkT <)Kl)«i*n. 



Fii} 54. ^et'tton of the Morrlsm and Sfun- 
<Utn<e tonnaiiuHH at Como Itlutf, Wtfo- 
muiff. 



Fkj. 55.- Hrt tion of tin Von iwn and Han 
dame fomationH on th^ ^unth saU of 
Mcdttiuf Antivlim, on '*/ione tUtbtn 
Ih'air,’* Wnnmintf. 


1.—Morrison formation; tt .—iSundnuce 1.-—Morrison fornsUlou; li, StnnlJUU’o 

formation, S<*alo, 125 foot to 1 Inch. Io"in«tIon. Srnh*, 125 l't‘<4 io I in<*i». 
(Loomis.) (Loomis.) 


liiection on south aide of Medicim Antivtinv, or Ctthi)} Draw'' 


Dakota [Oloveiiyl 

Yellow «aiid.stoiie. 24:i 

Black Haiidstono. 2 

Gray Handstoae. .‘JO 
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Jurassic |Morris<m nnd Suiulanccl 

UUiisli clay. 21 

claj. 20 

Flint . 1/3 

(^ra,^ saiidstoiM^. 10 

(\»n<Tctiaiis . 2 

(Jivcu (*la.\. 3 

(\)ncrctloiiA . 

(Jrecii clay. S 

Greoii clay with coucrotlons. 10 

Maroon clay with small concretions. 10 

Sandstone . 3 

(xreen clay. 8 

Sandstone . 1 

Ited clay. o 

Sandstone . 2 

Gnvn clay. 0 

Sandstone . 

Red, jxreen, niaro<»n clay. 12 

Sandstone . 2 

Maroon, j?reen, red clay. 10 

Sandstone . 2 

(ire(‘n clay. 22 

Sandstone . 1 

Green clay. 20 

Reddish clay. 20 

Sandstone . 1^ 

Grmi sandy shale. 0 

Purple clay with limestones. 22 

Nucula limestone. 1 

Rrown clay. 43 

Total of Jurassic fMorrlson and Sundance]. 274 5/6 


In ‘■(‘ciions ilic Morrison is inler|)ri*t(*(l as l)(*fifilining with No. 13. 
I'lie ('ontact is noi very dislinci. 

I o,nan giNcs tlie following seciioii for the Froozoont Hills (11)00, 5): 

**Purpl!sh clay containing <»onsiderable arenact^us inclusions...40 ft. 

“Th(‘ (day <*ontains, in the lower part, a thin stratum of sandy limestone In 
whhdi the following fossils w'<*re found: Pcntavrlnn^ astcriams, AateridS 
(Ivhfnnu PHvuilomonoliH curfa, Avicida maeronatua, and Oatrea atrigilcoula, 
livda. —The last sli*atum is the last one containing ma¬ 
rine fossils, and probably closes the Jura, hut some of the non-fossiliferous 
beds lying above may belong to that formation. The succeeding stratum 
varies so much in thiclmess that it may reiiresent tlie eroded surface of the 
Jura upon which the Atlantosaurus Beds were deposited. 

“16. Fine-graint*d, grayish-white sandstone. 10 ft. to 125 ft. 

“The above stratum varies much in thickness within short distances. At 
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one point ou llio Dyer rjiiK*!) it has a Ihiekiicw of only 30 ft., while a few 
miles southeast it rea(*lios a tlilckiusss of 125 ft. Tlie Haiidstoiio composing 
the layer is of nearly miiforiii color ainl texture. Its induration is only mod¬ 
erate, and it weatliors into many grotes(iue forms, (^ross-bedding Is well ex¬ 
hibited 1)> It in many localities. 

“37. rnrple to groenish-t*olored c]a>. (M) ft. 

“This is apparently an unfosslllfcroiis layer, e\(*ept in tlu^ uppermost liori- 
zon, where species of dinosaurs bolonging to the gtau'ra liroatOHauruH and 
Morosaimis occur. 

“18. Sandstone, grayish to light brown...10 ft. to 20 ft. 

“The above sandsloue presents some very interesting stratigraphic phe¬ 
nomena. It has, at the base, a layer of <‘onglomerato about ft. thick. 
Tlie conglomerate is composed of small silicious and argillaceous pebbles, and 
Is not very coherent Something like two feet of sandstone rests ui)on the 
conglomerate; the bedding planes of the sandstone are obli(iuo to the bedding 
planes of the beds above and below. Su<*ceo<ling the siindstoiie above is 0 
in. of siindstones in very thin layers, with lignllic seams along its horizontal 
but wavy bedding planes. The above is overlain by 4 in. of couglom(n‘ate, 
followed by 1 in. of sandstone with oblique lasldlng planes. Overlying this 
layer is a thin layer of sandstone in which the bedding planes are horizontal. 
The remainder of the stratum is made up of sandstone with the bedding 
pianos as follows: One ft. oblique; then .3 in. horizontal; then 2 ft, oblique; 
and finally 3 in. horizontal. The stratum furnished in one place the trunk of 
a large fossil tree and a large number of fossil cyeads. .Fragments of fossil 
wood were found in a number of places, but cyeads in only the one. Frag¬ 
ments of a hollow-boned dinosaur wore found in one plat*e in the horizon, 

“39. Drab-colorod clay. 30 ft. to 40 ft. 

“This stratum contains the bones of the largo dinostuir, lironloitaurm, 
Otliomise it appears to be quite unfosslliferons. 

“20. Fissile, brownish sandstone...4 ft. to ,5 f|. 

“No fossils were found in this sandstone, and tln» most charjn»terlsn(* feature 
about It is its imifonuly l)rown color. It seems to \h^ modemtel^ persist<Mit, 
as its occurrence in many pluc*es in the lillls was noticed. 

“21. Itluish-gmMi clay containing very small concretions. 30 ft. 

“Ill the bone quarries of this horizon, whleh furnlsluHl spe<‘les <»f Hnmhh 
sanrm, Morumnnin, and were found sp(*t*imens of (Fhuorhh) 

veternua and Vulmta led. This is the lowest horizon at which any of these' 
non-marine invertebrates wore notiml. It is probable that they will lie found 
lower down, as the dinosaurs occur miwdi lower. 

“22. Brown to blnlsli-gray arenaceous limestone... 8 in. to 1 ft 

“This stratum contains the following non-marine invtn*tt4)rato forms: (Inin 
knighit, U. haileyi, Valvnfa (cci, and (rhinorhis) wtvrnHa, Species from the 
same genera have been described by Meek from a similar stratum of limestone 
lu the Black Hills. \s these occupy much the same atratigraphi<*al position 
they arc probably the same ago. Tlie UnplaaoHn seem to be identical with 
that described by Mock in the (leology of the Upper Missouri. 









UOOK, HTVDY OF THE MORRliSON FORMATIOA 


95 


**2B, Drab-colored day.70 ft. 

*‘>3pcdoH of the crenera Brontosaurus, J)ip- 
todovm, 2IorosauruH, Htvposaurus and Alio- 
saurus occur in tblH horizon. Portions of 
species of all these j?onora were found in one 
quarry by th(‘ Kansns University colloetinc: 
parly. The <‘lay is of that quality usually 
designated as ‘joint’ c*la.v. It contains in 
places iron and argillaceous concretions of 
small size. The iron, and sometimes the 
bom^s, art' covt'red with scMc'uifce crystals. 

“24. (ira,\ ish-white saudslouc.50 ft. 

“This layc'r forms a conspicuous capping 
for the hills, and is the hlgliest remnant of 
the anticliiK*. It breaks up into large blocks, 
which he scattered along the slopes of the 
underlying softt'r l)eds. Its erosion and dis- 
int(‘gration is juromplibliod chiefly by sap¬ 
ping. No fttssils were found in this stratum, 
and its true position is in doubt” 



Tig. 50.— Sfp(tion of the ilforri* 
son lonnatuni hi the Freezeout 
Ililh, Wi/oming. 

1. — Cloverly formation; 2.— 
Morrison formation. Scale, 123 
foot to 1 Inch. (Logan.) 


The following facetious are given by W. C. Knight (1900, 2): 


Ehuji! Fault Ecotion 


Oretacoous: 

Dakotii conglomerate and sandshme. 


Jurassic: Feet 

1. Variegated marls and clays shading i’l'oiu dark yellow to dark 

maroon, with dlnosaurJan remains. C8% 

2. Calcareous sandstone. 2 

8. Bluish and yt'llowish marls, containing Bronfomurus at lop and 

Morosaurus at base. 22^4 

4. Drub eal<*areoitH sandstone...,.. 1^4 

5. Light colored clays and marls, with thin bands of sandstone... 24 

C. Clays and marls var>hig from light gray to brown. 2oVi 

7. Hard band of light gray claiy. 4^4 

8. Drab and greenish ela.As. 22Vi 

0, Drab sandstone. 2 

10, Yellow, grooiiish and light brown marls shading into maroon in 

the upper portion. 38^4 

31. dray sandstones... 8 

12. Bluish gray clay.. 4 

18. Bluish and drab <days interstratified with yellowish bands. 38^4 


Total thickness of fresh-water beds [Morrison].226 

14. Variegated clays and marls with bands of sandstone. 48^ 

15. Yellowish sandstone. 8% 
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m Dark sbalo with rmalii« of liuptunodoH, BvlvmnitCH, Os- 


irca, TanvridUt, (UmptonvvtCH aiul a fow Septaria. .*^8% 

17. Yollowisli saiulstoiK^. -Vi 

IS. (Jray sandstone. 5Vi 

1J», Yellowisli sandstone altenmtiniJ: with thin elay hands. 0% 

lid. Thin hedded 4j:ra,\ sandstones with a few lainds of <day. 5*4 

Total IShirley or Snndaneel...... IIS 



Fi(5, 57.— 0 / the MorHnon foma- Fkj. 58 .—jReeiUm of the .l/om'«oa fonna- 
tloH ut HUntJ* Fault, Wiiomhiff, tUm l» the Freavout HWSj W^fomitifp 

1.—Morrison formation; 2.—Sundance 1.—M<nTlson lorn a I Ion; 2.—Sundance 

formation. Scale, 125 ft*o( to 1 Inch. forinalion. Scale, 125 feed to 1 inch. 
(Knight.) , (l\iiiu:ht.) 

Firezvouf Jlills Fvviion 

Cretaceous: 

1. Dakota eongloinerate. 

Jurassic: Fooi 

2. Drai) marls and clays witli a few thin Imnds of liglit color<»d 

sandstone (containing remains of Dinosaurs. 55 

Vf. Hard clay and sand (’outalning fresh-water molhiscs and cnaue 

diles. D/j 

*4. Drab marls and (days with a f<»\v bands of cab*ar(‘<ms sandstones 
with remains of Afhsnunis, Otplotlovus, firontosaurus, Uforo- 

sauruH, (Uratodus and Turtles. 2!Vi 

5, Dral) marls and clays with thin beds of soft sandstone. 45 

5. Yellowish s<»ft sandstone with cycads and petrilU'd wood. 10 


7. Hrown siindstone, tT 0 ss-bt^d(‘tl. 2 

8. Drai) sliaies, clays and marls... 70 

9. Greenish sandstone. 4 


Total fresh-water beds [Morrison) 


211 
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Keot 

10. Koddisli and brown sludes and . 49 


11, Dark fossiliforons liniostono Mdtli VumptoHCvtvH and OMrra,.,, 2 
32. (xr<H»nisli slialos witli dark bands of (*lay and sandstone, with 
<*la> (‘ontainiiiijf eoncndions of limestone rieli in fossils. Fos¬ 
sils present: fivlrmuitCH, I^nitacrimts, AMarla, Civmnwaio- 
dan, OHtrvu, l*Hnida)nanatiH, Flenromia, Pinna^ Lima^ Mvgal- 


nvunouruH, liaplanadan and IHcHuminniH . 50 

13. (xray sandstone. 4 

14. lied and brown shales with concretions and a few fossils. 44 

15. White sandstoiu* with upper band containing fossils. 30 

Total marine beds fShlrley or Sundancel.179 


1 


2 


Kig. 00.— t^cvtlon of the Monlaon formor 
ffon (it lied Mountain, Wgomdnff. 

Ftg. r>9. Kcf*/f«w of the Morriuon forma- 1.—-Morrison formation; 2.—Sundance 

tion at Itcd Mountain, Wyoming. formation. Scale, 325 feet to 1 Inch. 

Scale, 125 feet to 1 Inch. (Knight.) (Darton.) 

Rad Mountain flection 

Cretiicoons: Dakota rtmioved hut present in most inst«‘inces. 

Jurassic: 

1. Drab marls and (‘lay with two thin bauds of limestone and one 


of cliert and (dialcedony with Dinosaur remains. 35 

2. Drab limestone... 2 

8. Variegated marls with Dinosaur remains. 38 

4. (iray limestone. 1 

5. Drab marls and <*lays. 

6. Gray sandstone. 

7. Drab marls and clays... 

8. Gray sandstone and some conglomerate 

9. Drab’ and r(»d marls and clays. 




Total, all fresh-water beds 


235 
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Darton (lOOS, 1) i^ives the i'ollowiuj» aoctioii at Ii(‘(l !\r<mntain: 

Feot 


Bluish filiales. 

Ijimestoiio . 1- 

Bluish slialos. »*>0 

lamestouo . 

Bluish shales. o<5 


128 

^"The Morrison fonnaiion outcrops on the west banlc of Jjaraiuie l?ivor 
just below the ridge a mile northwest of Laramie. There are 3 foot of 
(lark hlialo at base, thou 20 feet of soft, massive light colored sandstone, 
and at top 10 feel of gray vshale with several thin, slabby linu'stone layers, 
one of which is pohl)!), and a thin layer of gray sandstone. In slopes 
l^/{j to 2 miles soiiih-soiithwest of Howell station are soft, massive bu(T 



Fig. Cl .—Scftlon of the Movnbon fotma^ 
lion oil the east nlope of the rirhje west 
of Domeij Hoilo, LaKeSt Wyomlnif. 

1,—Clovorly; 2.—Morrison. Scale, 125 

tcot to 1 Inch. (Darton.) 



Fn. t>2.— l^v(twn of the Morrison forma- 
turn on the Houth Forh of Horse Greek 
(last of ihe Lnramle ^fQmtnins), Wtto- 
mint;. 

Senie, 125 reel to J Incli. (Darton.) 


sandstones oNerlain by typical gray and greenish gray massive shale or 
clay with thin linu^stono, t'herty, and sandslono la>ci*s. One of tli(‘ lalltM’ 
is 8 to 3 feet thick. At the (op are very dark shales, which have l)<‘(‘n 
prospected for coal; these arc overlain hv coarsi‘ ('loverly santlstone’* 
(Barton, 1908, 1). 

Darton also gives the following soeiion of the Morrison formation on 
tlie east slope of the ridge west of Downey Soda Lakes: 

Poet 


Goverly sandstones and slialos. 

Drab to olive f^reon shale.... ,*50 

Soft, coarse-grained, disintegrated sandstone, with calcareous matrix, 

containing teeth and bones... a 

Drab to blue shale. 15 
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Foot 

Nodular UinostoiK*. l-U 

Blue shale. 50 

LLmestono . 2 

Ooneoaled, probably blue shale. 304- 


1364- 

Ou the cabt side of tlic Laramie Mountains Darton (1908, 1) descrilxs 
the Monison in the first canyon south of South Fork of Horse Creek as 
consisting oi' the folloviing: pale green and maroon massive shale on 30 
feet of liglit colored massive shale which contains several limestone layers, 
one being C feet thick. ‘‘On South fork of Horse creek, the G-foot lime¬ 
stone member is conspicuous, underlain by 20 feet o f gray shale lying on 
a 1-foot limestone bed at supposed base of formation. The total thick¬ 
ness here is about 200 feet, which appears to be the average amount, ex¬ 
cept on the soulhenimost prong of Horse creek, where it is less than 150 
feet.” 


Mokrison Formation in tur Black Hills Area 

The Morrison formation occurs in the Black Hills area in eastern 
Wyoming and western Soutii Dakota. It is present in the hog-hacks sur¬ 
rounding the central area of the Black Hills. Outcrops are present 
around almost the entire circumference. For a short space on tlie south¬ 
eastern side it is absent, however, the Dakota sandstone lying directly 
upon tlxc TJiikpapa sandstone. The significance of the absence of the 
formation at this point will be discussed later. The Black Hills Morrison 
is usually underlain by a reddish, banded, porous sandstone, Imown as the 
TJnkpapa; in some areas, however, it rests directly upon the Sundance 
beds. The thicknesK of the formation in tlio various sections that have 
Iteen measured are as a rule less than the tlucknoss in the various central 
Wyoming areas and much less than the areas in western Colorado. 

I’he following general description of the Monisou and Unkpajia for¬ 
mations in the Black Hills area is from Darton (1909, 5). Detailed de¬ 
scriptions of iho fonnatioi) in various quadrangles will be given later. 

The Unkpapa saiulsloue has hoeu fully described by Darton. This 
formation is a charad eristic one in the Black Hills region. It is more 
extensively developed in the southern than in the northern part of the 
area. In the northwestern and western part of tlie region it consists of 
a thin yellowish sandstone. In the southern and southeastern part of the 
area it is represented hy uniform-textnrod, fine-grained sandstone of vary¬ 
ing colors. The following thicknesses are given by Darton: near Sturgis, 







100 


.LA A ILN A AMI YORK AOiDRMY OF 


00 to 70 loci; noiir Tilforc] and Piodnioiil, -10 foot; aonlli of Ifapid, f>0 to 
50 feet; a Tiiile iiortli ol Rapid, 150 foot; in tho Bollefoiirohe rop^ion, 10 
to 50 fool (not oloarl} .s(‘j)arato(l from tlie Sundance); vory thin in tho 
Aladdin and Siindanco r(‘i»ions. H ia usually clearly soparahlo from tho 
Sundanco holow and the IVforrison above. 

The Unkpapa is usuallv soft, white, bidt, red or inirple in color; it 
contains considerable material, and is often strongly banded IMiis band¬ 
ing is usually parallel with the bedding, but occasionally makes a marked 
an^de with it. d'he rock is extremely porous and often exhibits interest¬ 
ing examples of microfaulting in hand specimens. 

The name '‘Beulah shales” lias been apfdied to the Morrison of the 
Blaek Hills region. The formation consists of the usual series of clays 
and shales, with thinner layers of sandstone and calcareous nodules. The 
prevailing (*oIor is gray, but other colors, such as red, maroon, pink and 
purple sometimes occur. Carbonaceous matter is sometimes piesent in 
the upper members. The following thiebiosses of the Black Hills Morri¬ 
son are given by Darton; near Rapid, Ido feet; east of Piedmont, 
feet; rapidly decreasing to 70 feet in nearby locality; 4 miles north of 
Tilford, 110 feet; I mile south of Rapid, 90 feet; 5 miles south of Rapiil, 
165 feet; in the region about Sundance, 150 feet; at Aladdin, (50 foid; 
east of Aladdin, 80 feet or more; in Kedwatiu* Valley southwest of BelU^- 
foiirche, 60 feet; near Lookout Peak, 100 feet; about Table T\louutain 
and north of Eothen, 150 feet; near Alva, about 100 fwi; in Barlow 
Canyon, 85 feet; 5 miles north of Huleti, 150 feet; on Miller tVeek, 7 
miles southeast of Devils Tower, 160 feet. The thinnest sindion ri'corded 
is in Barlow t^aiivon north of Devils Tower, tlie tbiekm^ss there laung 10 
feet. Dinosaur bones of great size have Ikhmi found in the Morrison near 
Ih’edmont, apparently belonging io a sauropod of great specialization, n^- 
sembliiig Diplotlorus. 

In the Nowcasllo (luadrangle the Morrison ileposits are uiostlv of light 
gray color, but some jiortions are buff, pale gremi and maroon. Idle 
thickness averages a little more than 150 feet and is greatest in ilie norili- 
ern jiart of the (luadrangle. The lieds outcrop along tlie inner side of 
the liog-back below the Dakota conglomerate and sandstone. In the 
region east of Salt Creek tluw occair in extensive outliem overlain by pro¬ 
tecting caps of Dakota, and in the sloping plateau north of New<*astle 
they are revealed in tlio deep canyons. The outcrops are often obMUired 
by talus derived from the sandstone elilfs above and liy wasli along the 
slopes. The coniarl with the Hiindaftro .sV/o/r.s* an abrupt chaui}(> in the 
chiracUr of the materiah xVt Cainliria a drill Iiole in ila^ floor of the 
coal mine penetrated 13 feet of sandstone with coaly lavers at the base 
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of the Lakota and i)a^sc‘il through the following hods, probably all of 
v\hic‘h bedong to tin* MoriiM)!! ( Dai ton, 1904, 1) : 


FIro olay, t?ra.\. 

Sandstoiio, i^ra.\, mod(M*utoI> luu*<l. 

Fliv Olay... 

Saiidstoius i?ra,>, upix*!* half very lianl. 

Shales, lead oolored, soft at base.*_ 

Shale and line sand. 

Shale, bluish «ray. 

Sandstone, moderately hard. 

Clay, bluish and puiTlish, hard below.. 


Feet 

•» 

•> 

m 

m 

4 

11 

3 

18 

1 

liO 



fotmatmn nt 
difll lioJv III floor of 
coal mine at CambnUt 
Wi/omiiiff, 

Scale, 125 feet to 1 Inch. 
(Dart on.) 


The Morrison formation in the Aladdin quadrangle has boon d<‘soril)ed 
l\y Darton and O'llarra (1905, 6), It is a thin but peraistemt depc'sit of 
massive shale helM(‘eu the Siindaiiee and Dakota formations. \t^ oolor 
is generally a (diaraot(‘ristio pale olive green, with 
]o(*al bands of gray and maroon. In fresh ex¬ 
posures SOUK' of the beds are darker and in some 
l(K*alities portions of the deposit arc hlaek. ^‘The 
tbiekness is varial)le, owing to local unconformity 
on its siirfa(*e, and its measure is ditficiilt to deter- Fm. ea.-—»sv( fton ot the 
mine at most loc^alities owing to talus and land¬ 
slides along tb(» base of (diffs of Dakota sandstone.’^ 

The shale includes thin hods of sandstone, movst of 
which is fine-grained and light in color. iTodules 
of hard (day o(H*iir in some of the beds. The for¬ 
mation outcrops cxleusi\ely along both slopes of the northern extension 
of the Bear Lodge Alountains and outlying ridges; in the ridge between 
Deer and M(‘di(M*ne (*re(»kh; in the basins at the heads of Pine, Alum and 
Hay ('reeks; in ridg(‘S north and south of Aladdin; and in the anticline 
east of Th(' Forks. 

Darton and Siniili (UKH, 5) have d(*-.('ribed the Morrison formation 
in the Fdgeunoni (piadrangh*. In this (|ua(lrangl(* the Mofrisoii consists 
of massiv(* shales and clays, partly light gray and partly ivd or maroon, 
with occasional layem of fine-grained white sandstone. W(\st of i\liiine- 
kahta the thickru'ss is about 100 feel, hut eastward, northw(‘si of (’as('ade 
S))rings, tlu^ rorniation thins and dies out completely. Just west of 
C^aacade Springs the Dakota lies directly upon the ITnkpapa sandstone. 
The Morrison is exposcnl in the upper jiart of the slope at the liase of 
Dakota cliffs in the northern face of the hog-back westward. As the dip 
is low and the formation is relatively thin, the outcrop is somewhat irregu¬ 
lar. The formation is exposed in ITell and Palls canyons and in the 
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canyon south of Parker Peak, l}ing on tlu* UnI\])a])a sandstone. In Hell 
Canyon the formation extends to within alxaii a niilo of the Cheyenne 
Tiiver. It is \arial)le in thickness at this point and consists mainly of 
gray and red sand\ claA. On the ^^esi: side of Kalis (^inyon tlio lormalion 
is about 00 feet tlin-k, greenish at the liase, ttark(‘r above, and light gmai 
and maroon in its iijuier portion; on the east side it tJiins to about 20 feet. 

Theie are exposuies of the Momson in Chilson Canyon a mile south¬ 
west of Chilson, and in the heads of branches of Bciiiictt Canyon, wlieie 
it is pale greenish, luassivo clay, with thin, wJiiie, fine sandstone memhors 
3 to 10 inches thick. It is also cut through by Cheyenne Piver east of 
Edgemont. In an oxjiosnro in l?od Canyon^ whore the formation is 80 
feet thick, there is a thin liincbione layer containing remains of algce at 
the base. Jn a well at Edgemont the formation appears to be about 150 
feet thick. “In the western part of the quadrangle the Iforrison shale 
is distinctly separated from the Snndaneo forjnation, and in the eastern 
part from the Unkpapa sandstone, by an al)riipt cliango in charMctcr and 
material, but tlierc is no evidence of erosional unconformity.” 

The Morrison in tlio Sundance qiiadiangle has been described liy Dai Ion 
(1906, 5). The formation here slwb the usual light gray ami maroon 
colors, with buff and purple. It contains tliin beds of sandstone and 
occasional layers of limestone. The average thickness is about 160 foot. 
The outcrops foim a zone extending across the wcstm’U and southwestern 
parts of the quadrangle. The deposits are distinguialied from tliose of 
the Sundance by the color and massive texture of the shale. The most 
outcrops are in the ridges adjoining Beaver Creek, along Mason Creek, 
in Skull Creek Talley north and west of the llohvell ranch, in Black 
Canyon, along Oil Creek and in Oil Creek Valley. 

^ The following sections of the Morrison formation in the Black Hills 
region ar<‘ given by Darion, from OTrari*a (1901), 5): 


Section of Monimi Formation mi nort% hUIc of Sourdoitph 0 Miles 
north of llHlcti, Wpomhip 


Feet 


Shale, yellow at top, rod at bottom. 18 

Black shale. 14 

Bla<*k shale with 4-in<*h saudstono near top, sHirht purpU» or pink tinge* 

throughout and rnthor cousplcuous iu*ar the middle. 17 

Black shale. 20 

Slightly sandy green soft shale: some lime nodnb's near base. 10 

White sandstone. 2 

Green shale.. 5 

White sandstone, enrbonacooiis streaks. 2 

<^ray and reddish shales. 40 
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kSectionof Motrmm Fo)matu>n on Ridge south of hytlv Crp(1c,S Miles southeast 
0 / IHmls Town', Wgomhia 


Argilliicoous limestone 

Concealed. 

Argillaceous liniestoiu 
Grayish soft shale... 
Argillaceous llmestoiu 
Yellowish-gray shale. 
Argillaceous limestone 

Greenish shale.. 

Argillaceous limestone 
Greenish shale. 


Feet 

2 

3 

1 

12 

1 

6 

1 

40 

% 

30 


96% 

The upper and low(‘r eonla<‘ts are not <‘learly shown at this place. . 



Fig. 04.— Se(tlo}i of the Morrison forma¬ 
tion on north side of Rourdough Creek, 
6 miles north of Ifuleii, Wyoming. 

Scale, 125 feet lo I Inch. iDarlon after 
O’llarra.) 


« 


Fig. 05 .—Bection of the Moi risen forma¬ 
tion on fidge wuth of Lytlf Creeks 8 
wiles sontJuust of DniVs Tower, U'vo- 
mlnq. 

Scale, 125 fo(»t to 1 Inch. (Uarton after 
O'llnrra.) 



Bcotion of Morrison Formniion. on prmninvnt LaK'ofa-vaggpd Hill, 4 Miles 
cast-sounicast of DviHh Towvr, mrth of Lytle Vivvk, Wimiing 


Feet 

Impun^ lire <*lay, containing rough nodular layer. 2 

Fine grc<‘u shale... 12 

Sandy fire clay.* 1 

Fine gn^en shale, locally with purple tinge. 70 

Lime-clay shale.....-. C 

Fine grotm and drab shale.... 12 

Green shale with some lime-clay nodules.j. 16 

Timestono, slightly argnia<H‘<»us... 0 


125 


Section of Morrison Fomation on not ill sUtv of Dorr Crtck, 10 Miles nortlKust 
, of If If lift, Wgominff 


Feet 


Dark puiiile shale, weathers to light purple. 0 

Massive sundstoin*.... 1 
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1NNAL8 NEW YORK ACADEMY OF ^^CIENCE^ 


Feet 


Purple shale. 

Coacealed. ® 

Purplish-gray shale. 1- 

Darh purplish shale.. 

Very dark shale. 

Gray shale. 17 

Concealed; contains some sand. 1^4 

Green and purple shale. 6 

Sandy shale. 4 

White sandstone, weathering to a dirty velvety brown. 1 

Grayish-white shale. 5 

Green shale. 2 

Fissile pui*plo shale. 6 

Grayish-groeii shale with some lime nodules. 16 


155 



Pig. C6. —Section of the Mon'leon forma¬ 
tion i miles eaat-eoutheaat of DeviVa 
Toirer, Wi/ombiff. 

Scale, 125 teot to 1 Inch. (Barton after 
O'llarra.) 



Pig. 67. —Section of the Morrison forma¬ 
tion on north aide of Door Creeled to 
mile^ northeast of Sulett, Wt/oming. 

Scale, 125 feet to 1 Inch. (Barton after 
O’lTarra.) 


ISeoUon of Mormon FormatUm mar head of Burnt Jlolloto, 4 ^filvs mrthwvst 
of Hulettf Wyoming 


Feet 

Very black shale, resembling a coal outcrop on woathei*e<l snrfjiee; may 


possibly represent the horisson of the Aladdin coal. 10 

(irny shale. 

Sandstone . 1 

Shale with poorly preserved plant impressions. 0 

Interhedded shales and thin sandstones. iS 


Section of Morrison Formation a short Distance east of the foregoing Section 

Feet 


Very black shale, as In above section. 10 

Brownish-gray and purple shale.*. 14 

Sandstone . 2 

Brownish-red shale..... 8 




































MOOK, STUDY OF TEE MORRISON FORM iTlON 


105 


Feet 


Black shale. 40 

Light gray shale. 36 


no 



Fra. 68 —Section of the Motrlson forma¬ 
tion near head of Burnt Hollow, k milei 
northwest of llulett, Wyoming. 

Scale, 125 ft‘Ct to 1 inch. (Barton after 
O’llarra.) 


Fra. 60 .—Section of the Morrison formor 
tion a ihort distance east of the fore” 
going sation. (Fig. 68.) 

Scale, 125 feet to 1 Inch. (Barton after 
O’Uarra.) 


Section of MoMnon Formation on north Me of Mooree Canyon, 2% Miles 
northwest of Eulett, Wyo7mttg 


Feet 


Grayish-purple shale. 20 

Dark purple shale. 30 

Yellowish, slightly sandy shale. 4 

Nodular layer. 1 

Dark greeulsli-gray shale. 10 

Nodular layer.. 1 

Purple shale. 0 

Dark gray shale with lime-clay nodules. 2 

Drab shale. 8 

Very soft sandy shale. 8 


Section of Morrison Formation 2% Miles west of Belle Fourchc River 


Feet 


Purple, gray imd yellowish shale with one or two thin sandstones. 00 

Flaggy to massive white sandstones..... 4 

Purple and green sliale with a few limestone nodules. 00 


X24 

Section of Morrison Formation 3 Miles south of Rapid Gap, South Dakota 

Feet 


Concealed to base of Lakota sandstone... 20 

Mostly green shale, partly concealed. 40 

Dark green shale, weathering Into small fragments... 6 

Massive gray sandstone...... 5 
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AXXALSI XEW YOBK AC VDEMT OF ^ClEXCB^ 


Feet 


Green and pnnde massive faliale, with some sand; iron stains. 12 

Soft thin sandstones. 2 

Green sandy shale. 2 

Soft sandstoii<\ £?r(‘en and . 12 

Green shale with som(‘ sand. 12 

Purple shale. 4 

Calcareous nodular layer. 

Massive shale, green and pui*plo. 2 

Purple shale, with calcareous nodular layer. 4 

Calcareous nodular layer. 1 

Massive shale, green and purple. 3 

Massive but soft sandstone; light red and brown at bottom, but mostly 
white; slightly breccia ted near the top and containing some oalcit(‘.... 20 

Massive red shale with some sand. 12 

Massive shale with calcareous nodules, purple and yellowish. {> 

Soft bright red argillaceous shale. 3 
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Fio. 71 .—fdettlon of the Morrison forma- 
lion viUes west of Bollefourche 
Fiver, Wyoming, 

Scale, 125 feet to 1 inch, <Darton after 
O’llarrtt.) 

The followin/j: ^(‘dious of the Morrison formation in the Bla(*k 11 ills 
region are giv(‘n liy Ijoonxis (1003, 7): 

on IMlefonrche Hhnr, Wyomintf 

Feet 


olive green clay. 70 

Yollow*gi*een clay with sinall concretions. 12 

Maroon <*lay. 10 

Green <*luy. 0 

IjimcstoiM' concTctitnis. 1 

<Tr<»en clay..... 6 

Maroon clay with small concretions. (5 

Green clay with small concretions. 10 

Limestone concretions. 1 

Green clay..... 4 

Limestone concretions... 1 



Fig. 70 .—Fectlon of the Morrison forma¬ 
tion on nortfi side of Jfcores Canyon, 
miles northicesi of Huletf, Wyoming. 

Scale, 125 feet to 1 inch. (Darton after 
O’llarra.) 
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Feet 


Green clay. 6 

Soft yellow saudsfont*. 2 

Green clay. 7 

Soft yellow sandstone. 2 


144. 



tion S miles t*ou1h of t(apM Gap, flouth Fifi. 73 .—Heotion of the Morrison formch 
Dakota, tion on the Bellefourche Rioer, Wyo- 


Scale, 125 feet lo t Inch. (Darlon alter minfj. 

O’llarra.) Scale, 125 feet to 1 inch. (Loomis.) 

Section on Jnyan Kara Creek 

Feet 

Olive i?reen clay. 40 

Light green clay. 12 

Maroon clay with small concretions. 10 

Green day with small concretions. 5 

Red clay. 5 

Green clay. 5 

Maroon clay. 0 

Green day. 20 

Limestone concretions. 1 

Yellow sandstone. 9 

Denso gray sandstone... 8 

Yellow sandstone. 5 

Limestone micrcMons. 1 

Yellow sandstone. 12 

139 

Section at Sheldon Poet Oi/ice 

Feet 

Olive green clay.*.*. 30 

Limestone concretions. 1 

Green day.,.,. 10 

Maroon clay. 5 

Yellow-green clay.*. 9 

Red clay. 5 

Limestone concretions.*.. •. * • 
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\SN\Lt^ KEW YORK ACADEMY OF 


Feel 


Green clay. 8 

Limestone eoneietious. 1 

Bed day. 3 

Green cla,\. 12 

IJmestono cuiim*fions. 1 

Green clay. 12 

Gray sandstone. 2 
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Fig, 74 .—Section of the Morrison forma¬ 
tion on Jnjfan Kara Creek, Wyoming, 

Scale, 126 feet to 1 inch. (Ijoomis.) 


Pig 75.— 8&.iton of th< MonHson forma¬ 
tion at Sheldon Post-office, Wyoming, 

Scale, 125 feet to 1 inch. (Loomis.) 


Section at Kara Peak 

Feet 


Red day. 8 

Green clay. 3 

Cream sandston<‘... 8 

Blue-green day. 6 

Red day. 1 

Limestone concretions. 1 

Purple clay. 3 

Red day. 2 

Cream sandstoni'. 2 

Green day.... 3 

Cream sandHton(*. 2 

Wliitc Kiindstom*. U 

Black clay. 2 

WUlto sandstone. 8 

Yellow sandstone*. 75 

Slate green clay. 50 

Gray sandstone'. 35 


195 

Section at Beaver Creek 

Feet 


Brovm-green clay.*. 

Olive green clay. 66 

Green clay with small coucretioim.. 15 
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Feet 


Maroon day with small ooncretious. 6 

Green oiay. 16 

Maroon clay with small (‘onoretlons. 12 

Green clay. 6 

Limentono c*omTetions. 1 

Olive giwu clay. 8 

Buff sandstone. 12 
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Fia. 70 .—of the Morrison former Fi&. 77 .—of the Morrison forma¬ 
tion at Kara Peak, Wyoming, Han on Heard Civek, Wyoming, 

Scale, 12C feet to 1 inch. (Loomis.) Scale, 125 feet to 1 Inch. (Loomis.) 

Atlantic Coast Hephesentative of tub Morrison Foiuiation 

AllONDEL FORMATION OF MARYLAND 

The Movriw)!! fonnatioa is apparently represented in the eastern part 
of the Uiiit<*(l States by part of the Potomae series. It was formerly 
claimed ilmt tiie Potomac was a unit formation, lla ago has been dis¬ 
cussed by a luiiulier of workers, some holding it to be Jnrnssic, others 
Oretnecoiis. More recently it has been divided into several distinct for¬ 
mations, se|)uruied from one another and from the underlying and over- 
lying fonimiions by disi'onformities or stratigraphic hn'uks. The lowest 
formuiiou of the Potomac scries, the Patuxent, contains none of the dino- 
saurian fauna characteristic of the Morrison, but the middle member, or 
Arundel, is characterized by many forms identical with or closely related 
to the forms of the Morrison fauna. The Arundel beds have been well 
described by Clark, Bibbins and Berry (1911, 5). 

The Arundel is the lower part of the "upper oolite,’’ or “Iron-Ore 
Clays” of Tyson, a part of the “Variegated Clays” of Fontaine and Mc¬ 
Gee, and of the “Baltimorean” of TJhler. It is the equivalent of the 
“Iron-t>re scries” of Ward. It outcrops in an irregular northeast-south- 
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.iAxV.iLas' m'w YoitK sc\i)iJ]n or i^rn^j\rij,^ 


vvost belt, from the ]u‘uil ol IJihli Ifuor, in Ilarlfonl (^onnl\, to AVasli- 
D. U. 

The Ammlel tonsibU l\|)ii‘all\ of <lral), more or lesh lii»nLlie eUub, with 
masses of biderite. The nodules and i;<M)deb of sidenle, \^ln'n ('xposed lu 
the air, ofi(‘n ('Jiani>(‘ to brown hematite. The elays are usuall} free from 
grit, blit are o( easionalh sandy, and in plaees earr\ pyrite and gypsum. 
Lignite beds also oeeiir. 

TJie thicIviK'bb of the formation is not great, Ibo maviimim lamig about 
125 i'eet, and usually it is iuueh less than tlial. It is tliickest on the 
western side or middle o! the holt, and thins eastward ns showm by borings. 

The Arundel overlies the Patiuent dibeoiiformably, and appeal's to 
occupy old (Iniinage lines in the Patu\ent. (h‘(»‘^s-l)eddiug is oeeiihiontilly 
found in the lower bods, but is not usually pn^sent. The formation is 
overlain, with diseonfonnity, liy the Patapseo fonnation. The fauna will 
be discussed in the section on the age of the Morrison formation. 

SlTAlMAIlY OF rtTUmOlUPlllC RfUVTIONS AND (hi\n V(’Ti:iN OF TIIF 
lloUUISON FoHM \TI()N 

The stratigraphic relations and eharaeters of tlie Morrison ari‘ bum- 
marized in the followu'ng pages. 

DJSTIUBrTION 

/ 

The Morrison formation has a wide distribution in Utah, New Mexico, 
Colorado, Wyoming, Montana, South Dakota aiul porbajis Idaho and 
Arizona, The number of square miles of Morrison ouiiu'ops is not vm-y 
great, but the area in wliieh the Morrison is ovm’hiin by youngiM’ d<*posits 
probably includes several hundred thousand sipiare niihs. ''Flu^ areas 
from which the Morrison has bwn eroded probably iueliidiN many Ibou- 
saud square miles more. 

The formation, after deposition and beror(‘ burial or erosion, had an 
extremely wide distriliulion, which may luw(‘ unwuuited to four or live 
hundred tlionsaiul square luiliHS. 

UFLATION TO UNDIOULVINO UOC^KS 

Jn various areas the Morrisoji rests on fonnations of diirerout ages, 
ranging from Arclieau to up])er Jurassic. In the southwestern areas tho 
Morrison or McElmo rests on the La Plata sandstone of Jurassic ago. 
The contact with the La Plata is apparently conformable, l)ut there is a 
decided break beneath the La Plata. The latter lies on tlu^ Dolores beds 
of Triassie age, in some localities; on the (hitler, llerinosa and KllxTt 
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loriiiatioiih, of IVnnian,? IVnuhylvaniau and Devoniaa ? ago rc'^peotivoly 
(Crohh ami Ijamcii, 1911, 1); ami m htill other areas on pre-Canihriaii 
fiTstallinPh. Ill 1101 tlu\ehlorii lUali, near N'to-nal, the non-inariuc jiortion 
of Iho Flaiiiiiif> (lorf'o foniiatioii, oiiiiivalcnt to the Morrison, rests on 
tuarine lieds of ii])|»or durassu* age, containing Pxeiidoiiiouolix nirla, 
•etci'tora. 'I'lie contact is apparoidly conforniahle, no anddcu change in 
lithological characters lieiiig oli&crvable. 

In the areas of Morrison oiitcro])!s in Montana, and in most of those 
in W\oining, tlio formation rests on the Sundance or corresponding bods. 
These beds have liocm determined by Stanton (190t), 0) to belong to the 
lower paii of the upper .lurassie. In cedain areas in Montana there is 
(Wideiice of a jiri'-Sundaiice erosion plane. The contact between the 
Morrison and Snndance fonuations is sharp in some places, while in 
otlior placi's it is ohseure. 

In gi'iieral it aiipears that tliero was a slight lirenk between the Iforri- 
son and Sundance formations, but not one of any considerable e.xlent. 

In tlie niaek Hills area the Momsoii usually lies on the Sundance liods, 
ofttm w itli a sharp (‘ontact. In some localities, however, the Morrison is 
fioparated from the Sundance by tlie TJnkpapa sandstone, indicating an 
iutor\al b('twc(>u the retreat of the Sundance sea and the beginning of 
Morrison deposition. 

In eastern Colorado the Morrison rests on Sundance beds near the 
Wyoming boundary. Throughout most of the ai’ea in eastern Colorado 
and New Mexico the Morrison rests on Eed Beds of various ages. In 
tlie northern lialf of Colorado, e.xcept at the e.xtremo northern end, the 
MoiTison lies on the Chugwatcr Eod Beds. At Morrison the formation 
is scjiaralcii from the Hod Bods by a white sandstone of unknown age. 
At Colorado City a lied of gypsum lies between the Morrison and the 
Hod Beds. Knrther south in Colorado the Morrison rests on the Foun¬ 
tain or Hadito foriuatious. South of Beulah, in soulhem Colorado, the 
Morrison ri'ats directly on tlu' cryHlallincs. In northeastern Now kle-xico 
the Morrison is underlain mostly by Hed Beds, which have lieon warped 
and enxlcd hoforo the deposition of the Monison. Near Exeter there is 
a distinct samlstone formation between the Morrison and the Hed Beds. 
The ui)])erino8t membera of tho Hed Bed series often consist of gypsum in 
this area. 

It is seen from the above description that there is a widespread erosion 
plane beneath the Sundance foimatiou in some areas, and there is evi¬ 
dence of a slight break between the Morrison and Sundance formations. 
Is the piH'-Suiulance eresion plane to be correlated with the pre-Morrison 
plane, which is observable where the Sundance is absent, or is the pro- 
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Morrison i)janc io be toirt‘lated wiili Ibe intor\al between the Morrison 
and the Snndaiue? This question a\iII be diseiissod in the section on the 
interpretation of tlie IVroriison foimation. 

in L\noN '10 oAMOA iN(i 10 ns 

In weaiern (Woiado and eastern TTfah the ]\IoTrison is overlain by the 
Dakota sandstone. Tlu‘ eontaet is fairly shaiqD, but williout definite 



Fio 7S.— of thi VoiUHtm foimation hkoirlud <l€()ca*tc in tJiUkneaft from 
aoiithv entern Coioratio notihmrd, 

A. Telluridc (luadranglo, rol(>ra<lo, muxlmuiu thickncHb aoo Ina; B. Mack, Colorado, 
thlcknesH about 700 feet; V. Tonsloon, \V.\onu»a» thickness nbout 2{>0 feel; 0. Bolt 
Creek, Montana, thickness about l-M foot. Scale, 200 fw*t to 1 inch. 

c\idenee of eiosion of Ihe Moirimn prior to the deposition of lh<‘ Dakola. 
Ill Montana the Morrihoii is oierlani by tlio Kootenio formalioii. 'I'lio 
Kootenio is vorj’ similar to tlio Morrison and may belong 1o the same 
deposition cj’cle. In varunis areas in central Wyoining, Irom the ilon- 
tana south to the Colorado lino, the Morrison is overlain by the Cleverly 
formation, ilie lower pari of which is probably equivalent to the Lakota. 
In the Black Ilills aioa ihe Morrison is overlain by tlie Lakota sandstone. 
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In eastern C^olorado and Now irevieo the Purgatoire formation overlies 
the Morrison. In all tlnee of tliofec laat-inontionecl areas the contact be¬ 
tween the Morrison and llie overlving fonnation is sliarp. Near Canon 
City, (\)lorado, niarirn* fossils of Washita age 'wore found bv Stanton in 
beds immediately o\erlying the Monison. 

In general, the eoniaet between the Morrison and overlying beds is 
sharp, but there is no evidence of a break of any great extent between 




Ki<i 70. of thi Moniwn fonnation shoirinq dectease thickims from 

wnthwvstcni Coloymlo nortiKaHtirani, 

A. Tellnridr (nmdrunfflo, Oolorado, ninximum thickness 000 feet; B. Hncampment DIes 
trlct, Wyeniinpf, thicknosb 4(K) feel; 0. Ooino Bluff, Wyoming, thickness about 200 feet; 
D. Devil’s Tower, Wyoming, thickness about 100 feet. Scale, 250 feet to 1 Inch. 

the two fonnatione. As noted by Lee (1915, 2), the Morrison is much 
more closely related to the overlying formations than to those under¬ 
lying it. 


TmOENESS 

In a general way, it will he noticed, on studying the various sections 
of the Morrison fonnation, that the thickness is much greater in the 
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wof^tcrii find tho soiitliwi^stiM'ii iiroiii^ tlitiii iii ciny of tlic otlioi* 

districts in \^hI(ll tlio foriiuition oinns, Ai'fonlni^^ lo Liiptoii (IQId, 3), 
thn l\l('Elino is oxer I,0d0 foot tInVk nont* <iiHVii UivcM*, VU\\\; in ilio 
‘rolliirido <(iM<lniiii»li‘. .ui'orcliiii*' <0 (’loss (hS})!), ))), it \ari(*h from 100 
to *100 IVoi; in Mcd^lliuo (^uuon it is botwoon 100 and 500 foot; in tlin 
Cirand lii\(‘r V«‘dl(‘\, at \ari<)iis points hidwoon (iraiid Junction and tlio 
Colorado-Uiali line', it is about <00 Toel tliiek; in tlio region south of the 
LUnta Mountains the fonnatiou is about 050 feet thick; in the region of 



Fio. so. — Hertioifh of the \Itimnou fomtithu nlimrliifi f/rrrease in thUkuenn from western 

ijQlomlo east want, 

A, Mack, Coloi*a<lo, tUIckncfts about 7<K) fwt; n, (^afion (’Uy, t’olorado, thlckneHs about 
325 feot; C, Kc<3 Hocks Canyon, Coloratio, thicknoHw about UO foot. Scabs 2f>0 foot to 1 
Incb. 

the Owl Greek and Bighorn llounlains the fonualion is iibually l)olwoen 
200 and 250 feot thick; in tlie Great Palls region of Ifontaua, about 100 
feet tliick. It must be remembered in this connection that some of llic 
Kootenie of this area may be Morrison. In the Shoshone Itiver region 
the formation is 580 feet thick; in the Encampment district, in southoru 
Wyoming, the thickness is about 400 feet; at Como Bluff and in the 
Freezeout Hills about 200 feet; and in the Black Hills usually less tlian 
100 feet, in one locality disappearing completely. In central Colorado 
the thickness is about 450 feet; near Canon City, l)otweon ♦‘ISO and 400 
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feet; in on&t-coiilral New Mexico the Morrison varies from 200 to 100 
feet; nnd in ili<‘ ('au.vons of eastern Colorado the tliiekncss is about 200 
feet. 

M'Ikm-c is tliub a tliinnitij> cnit towards the north, northeast and especially 
towards the east. 


LlTlIOLOUrC (JIIAU.VOTnuS 

Coarse material occurs throughout tlie formation, but is much more 
abundant and in much thicker beds in the western areas than in those 
farther east, bhne material occurs throughout tlie formation and com¬ 
prises tlio largest and most typical element in it, but is not usually 
abundant near the base. 

VAUI-VULIS OUARAOTJEK 01? SKCTIONS 

Sections of the Morrison formation, taken in different areas, present 
both similarities and dilTercnecs. Most sections contain alternating series 
of banded or ^ariegatcd clays or grits and heavy sandstones, with occa- 
si<inal lliin linu'stoiic beds. No single stratum, houever, continues for 
long distances, so far as tlie conditions are known. A bod of sandstone 
a certain luimber of fe<‘l from the base in one section may die out and 
not he roprosouted in anotlicr sei-tiou, or may disappear and another sand¬ 
stone take Lis place. Ijcc has used the tern “uniformly variable” for the 
Morrison beds, a term which lits Morrison conditions very well. 

The signiiicance of those features will ho discussed in the section on 
the interimdatiou of the formation. 

.STIllICTUHH AND PETROCR.M’nY 
HTinii’Tiiuvii FniTiniKs or tiih Mouuiso.v LAikmvtion' 

S(‘veral stnietiiral rt'alures are ofii'ii met with in the Morrison, which 
have considerable signiiicance in regard to tlie question of the origin of 
the forination. Among lliesc arc cross-liodding, of both stream and wind 
types, J(‘nse-sha|)ed ciuss-sedion of beds, and distinct channeling. 

The stream typo of er<).ss-bedding, or cross-bedding in one direetion 
witli the inelined beds ri'sting on flat surfaces, is seen tliroughont the 
formation in many places. It occurs on a largo scale and also on a small 
scale. Usually th<‘ discordance of dips is not very great. 

The wiiul type of eross-bodding, or cross-bedding at various angles and 
directions, with the hudined hods resting on curved surfaces, is also seen. 
It has been uoticed near rnnon City in the vicinity of the Marsh-Hatcher 



116 


INyALS NIilW YORK AO I DEMY OF l^iCIENCES 


dinosaur quairu It has been noted b) nr. II. h]. (ircfnorv ’ in the soulh- 
tt(\sturn aieas in beds 300 feet or luoie iii thickness. 

C'lmnncling is an espi'i-ially eliaraeioristie fc'aturo of the Morrison for¬ 
mation. It is widespread and oocurs on both large and small scales. 

Tliimimg out of individual beds is common, when erosion channels may 
not be \ isibJo to the eye. 

Several of these features are well shown at tlio dinosaur quarry worked 
b\ Professor 0. C. Marsh’s eolleetors, and later by Mr. d. B. llateher for 
tile Carnegie Museum. The quarry is situated on the north bank of a 



ITig. 81 .—Tifpe of croaa-MUing uaually known as the atream> type, 

amall gulch which empties into Oil Creek, about eight miles north to 
northeast of Canon City, Colorado. The beds for a short distance above 
and below the level of the quarry arc well shown on lioth sides of the gulch. 
Thesedion of the Morrison in tin* vicinity of the quarry is as follows: 


Tcet 

Variegated clays. 

White sandstone. 5 est. 

Bone-bearing sundstoue, ('oarse, calcareous, soniowliat arkosic, with 

grains of volcanic material,....... *» 

Strongly cross-bedded sandstone at the floor of the quarry. 5 

Olay (absent at the quarry but present on the opposite side of the 

gulch) ... 1— 

Sandstone, white, fairly coarse.litol5 

Olay with nodule layers. 


V Personal communication. 
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The base of the fomiatioii is not shown in tliih section,'* but judging 
from another outcrop in the bank of Oil (h*oek, a Few hundred feet oast 
of the ([uarry, ihe base of the quarry-floor sandhtone is about SI) feet above 
tlio calcareous sandstone which us here considered as nnnuMliahdy under¬ 
lying the Morrison, 

The ([uarry-floor sandstone is cioss-bedded; on the north side of the 
gulch the cvoss-heilding is of the bireain tyjie, with the beds dipping 
north; on the south side of the gulch tlie upper part of the quarrj-fioor 
sandstone shows cross-l)od<ling of the wind t\])e. 

The heavy sandstone member below the quarry-floor sandstone is «erni- 
lensG-shaped in cross-section and occupies a trough in the clays beneath. 
The trough is a Imndred fcid or so in breadth and about 1.‘] feet deep, the 
sandstone which (ills and covers it varying from 2 to 6 feet in thh'kness. 
The coni act between the (days and the sandstone in the tiough is \ery 
sharp. The only satisfactory explanation of this trough is that the clays 
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were eroded and the sandstone deposited over them, by a stream of con¬ 
siderable size. This means a si ratigraphic break. While the channel in 
the clays was being eroded and before the deposition of the sands Jilling 
it, continuous deposition must liave been going on in some other areas. 
This break need not liave been long, in fact was probably sliorl, as the 
same str(*ain wiiich eroded tlie channel probably deposited the sands ou 
suttering an inercaKC of loud or a decrease of volume or gradient. 

The gulch cuts directly across the old clianin)l at this locality, and 
therefore exposes its ehaiiich'ristics completely. Stream banka cut paral¬ 
lel to old cliamiels would not show their trough character at all, and banks 
exposed obliquely to old channels in position would exhibit a long gradual 
thinning out of the beds, without any prououna'd lense-shaped cross- 
section. Thinning out of this character is common throughout the entire 
area of Morrison outcrops, and distinct lense-shaped sections, which are 
only exposed under very favorable circumstances, are not rare. Stream 
channeling and deposition are consequently especially characteristic fea¬ 
tures of the Morrison formation. 


* Sw also figs. R and 0» p. BO. 
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\MtALii MIW YORA .1C'I/>£,'!/1 OR KClEXUMtf 


Tlie proseiicf of himill flratii-rapliio lu-caks at man\ looalitu's imd levels 
in the Aloi'fisou formation (“UipliahizeR the J'oree of the Rtat(‘iiicnls of 
Hatcher, lhal iii ilie iirotlnetion of a eontiiiental fonnaiion of the iliav- 
a(ter of the Aloriisou, (lie main pmeesh of (lejiosition is iiol continuous 
for anv given area. 1’lie proem is rather one of alternaling deposilioii 
and erosion, deposition being the doininant factor. The situation !"< 
analogous with tlio eondilioiiR at tlie front of a glacier, vvliere llie ico 
front niav stand still, W’hdi' the actual ice advances, through melting at 
the front. I f melting goes on faster tlian ice advance, tlie front retreats; 



Fin. hil. ■ liiatimmnntU so'/ioh «/ lAfl w/i(/A»ro uf the IHoirmu [omaltun at the Ifufali' 
JIutrIm (llnusaur iiiimUj nan* Vailnn Vuhmuh, 


if melting goes on slower than ice advanee, Iho front advances. In the 
case of a continental formation iiltinuiie deposition of a cmisidin'iilde 
thickness would ho brought about by o.\cess of deposition over erosion. 
If erosion jirodomiiiated over deposition, tliorc would hi' no formalioii 
producod, but a great stratigrapiiie lireak. 

In considering the ago of such a formation as the one under considera¬ 
tion, it must be remembered that deposition under the eonditions indi¬ 
cated above will bo much slower in jiroducing a great thickness of beds 
than under conditions of eontinnous deposition. A lotnl tliiekno'-s of 
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200-400 feet prodiicod l)y dopoHilion ])rcdominatiiig over erosion, inoans 
a much greater time ioteival than the same thickne&.s depo'-ited under 
conditions of eontiniioiis (le})Ositioii. 

Sudden lithologic ehangca from one bed to another arc ven common 
in the Morrison. Fine elay-shalcs will bo overlain by coarse cross-bedded 
sandstones and the reverse. Tlresc alrrupt successions do not necessarily 
mean breaks or lost time intervals, but rather sudden changes of condi¬ 
tions in definite areas. 



Fio. S4.— lumaiittv (/Nt, from th( iop of the Norrlaoii fomatUm at Garden Parh, 
near Cafion Ottv, Colorado. 

TUe light grains arc (itmrtz; the light patches are holes In the slWo; the dark area^ are 
clay fitalned with hematite. About 28 X. 

I’mOGHAITlIO CllAKACmiS OF TITE MOEUIHOX FOltiTXTION 

A niuubcr of distinct types of sedhuonts occur in the iforrison forma¬ 
tion. Broadly speaking, these are; (1) fine ro<l or brown sandstones; 
(2) clays; (3) calcareous sandstones; (4) limestones; (5) coarse white 
sandstones. These grade into each other in a rather complex manner. 


120 


^Oh*k i( [l)f Ml Of SC//N^iS 


loimins; mail) jntciiiudi itc \ ujitu'i Ollu i t\iMs nc iIm) pKsoni but 
miuinoi imoiiiits 

The HI)'n1 clniui(iisti( luds m llu Alonisoii lu ilu sotilhd joiid- 
clns I1ms( lit (iiK sidnutnfs wlndi I) i\< Ilu ippi n ink i)ltli\ ind 
wliuli \\(i11ki into tins I lav h( ^nl<^li^d in (oloi iiid \\m Ixori 
the cuist oMIu iniju \ uk united beds IoiiiuiIn ipplnd 1o ilu lonni- 
tion Hast jouit-clus lu coinposid oi m uul\ ol stdiiiuniiiv i\pcs, 



I 1(5 s^V Inti ifnt fi m «(«) ih< I ;; / llic Mnns n f / mh f it ( i at l<v1 

( lUntiii ^ 

1U lain ^inins AM (luut/ ilu pitdi s u< h»l(s in <h slidt ili dul i ilduHi 

UK liimmK VI ii( 

nioH 01 Itss disliiut lioiu ( uh ollui intluNutii ihoii^h ilu u iit oltcu 
giadatioinl vauttus This \iiut\ ol ilinuiiis is usponsibh loi the 
vaxiegaltri toloi ^lla stdmunts whuh mala up tiu joint davs’ aie 
ime grained h(matita suidsioms oi v^iits tna kaolinu davs (mo cal- 
caicous sandstones sihuous limcstoius, nid aij;ilUitous Innosionos. 
Inteinif dute oi conipoiuid t\pos au also abundant 


^rooK siuDy or thp MOBrlho^ ior]i\jio\ 


m 


* The fiisi viiJtt} ol scdimonl to be (onsidcied is the liru lituiatitic 
bandstonc Vs tins is composed lai^clv ot (me anoiihi qiiul/ £>uins, it 
will bo spoken ot ab a **iit this ^iit is usually moie pioiniiicnt in the 
uppei mcmbois ol the loimition in aii\ locality, Init also occuis in 
binallci unoiint iku (ho lii^c In tla h( Id li is uddisli to clioiolate 
blown Jii toloi In ihin sc( lion s(in ith itflcittd lij:ht it is ud *^ihe 
pimcipal niiiuial constitucul is quait/, lu small s,iaiub The luteistitial 



Fk Sb — Umistnno ot lal aicuHtlatf ft nn the If no itatl of the Mon%8on 

fjtmati n neat Mad Otlttuth 

About -S s 

matciial is cla>L\ imlUi fatauiotl to a bi ight led b^ liuiutite The oiigm 
of this hcmatiti will bo difacussed bdow The relative propoitions of 
qaaita and hcmatitic matiix vaiy gioatly 

Tins icd quait/ giit glides into lint cakaiums santlstom tliiough hue 
sandb with the iiiteistitial mattei pattl> btained bv hematite and paitly 
nude up ot Imo giained eaibonateb It also giadee into the tiue clays 
through memlieis ivith a similai amount of quait/ and a considerable 
amount oJ kaolin Sudi a t\pe ociius neai the top ol tin Qaiden Paik 





122 


l.YA iLi^ NJJW YORK AViDEMY OF FlCinYCFl;^ 


section (Fig. tS5). Tlio iron m this (aso is soinotinuN, al least, in Iho 
form of limonite, ratlioi tlum honialito. Magnetite is present in small 
amounts, and dense patdies of liinonile lejiresent oxidized pxrite. Th(‘ 
kaolin IS more oi le'^s abundani and is mixed with line-grained (‘ailioniiie 
material. Il<‘inatite is also present in small amoiinl. 

The hematite in the r<‘d or brown grits has probably originated through 
oxidization of the sulerilo present in the light colored oaleareous sand- 



Fio. b7.— OaUauoitu bfttuUionCj from the lower leds of the AJontson fuimaiiov. at 
Garden Park, Oolorado 

The cloap #?painb are yuartss, and the niottlecl grains ore cakMto. About 28 v. 

stoiK"*. 'L'lu' ilou carbonate \rab ]>robal)ly prcboiii in tlic orij^iiial (l('i><ibits. 
'Phe a'ti'ratioii may have Isikon ijlaeo to some extent before burial, but it 
is more likely that it ia the result of a long-eontiiinwl proecw in the 
buried rock/ 

The clays are nearly always impure. Tli<^ usually eonhiiu, along 
witli the kaolin, a considerahle’amount of fine angular quartz and very 


T See the discussion of the origin of the formation, p. 108. 
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fine granular (alcito and other carbonates. Mixtures of tins kind com- 
]»rise a largo proportion of the formation. 

Fine eulcaieoHs sandstoneb are very common ami occur in thick beds. 
They consist t\piciilly of fine angular quart/; uith a matrix of fine 
granular cah ite and probabl) dolomite and bideiite. 'rho\ grade into the 
clays through varieties with more kaolinie matter, and into the liinesthnes 
through nienibeis with less quartz. They also grade mto arkoses through 



iriQ. SS.—Caleorwus arkoth! nondiitone, from tite tower lieito of tht Morrteon formaMo* 
at ffartfen Park, Ootorado. 

The clear light' and dark graina are quartz; 'the lntot;istltial material Is calclte; aad the 
banded grains arc plagloclase feldspar. About 28 X. (Crossed nleols.) 


fine sandstones in. which feldspars occur. The latter axe especially 
abundant in the lower beds of the formation. The calcareous sandstones 
also grade into quartz sandstones through varieties with less ealcite and 
more quartz. 

The limestones are usually only a foot or two in thickness. They vary 
from practically pure carbonates to siliceous and argillaceous varieties. 
Small molluscan fossils are sometimes present. 


\ORK iCirnAn or 


124 

Cakuioii^ nodules and coiKictions oltin lonn Utls iimdst kbb c \\ 
cduoiis sindstoius 01 cl ns 

The consii siiidsloiHs ^ u\ tioui nc uk puu (jiini/ snids io Iw^M) 
(.ikireoiis ind iilosu incinlxis One ol llu i\pi( d consci siiidslonn- 
IS dial 111 the dinosiiii bones occui in the Mush Ihkiui <jiiui\ 

near Canon City Colondo This sandstone (('insists laie,(l> of iiKtlrain- 
sized to ]ai£>e qiuut/ plains oiten -well lomidcd^ Mith finer aiigulai quartz 



rx6 so (aliittrous «QH(ht(me fiom Ihe Mouison fnmiti n u<(ii Oaflon 

Citif Ctloittilo 

The nj;,ht AMins u( (iinil/ and IA( dail inteisiitiil miUnil m nii\(d iibontiUs and 

clay Abuil iS 

grams srathicd .midiij; them Kchlsjurs au Imh ihiindanl and oiten 
of large sv( Volcanic ash grams occm some ol wliidi ait pciloctly 
fresh, otheis licing altcud to masses ol giannlar qunit/ t'aleitc, and 
probabl-y some dolomite, otems m the interstitial spaces Some ol this is 
grannlai and somt ol it is coaisoly cr'^slallinc 

Ooaise, nrand grained sandstones ot this t'vpi olii ii show loli ui noss- 
beddmg 


vooh i>nrDi or mr mohribo^ JORMmoN 
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llaid, sandstones with cli\ jclildcs oflenoccni 

Con^lomci lies mem otcnsioinlh, lint an not ospcciallj alnuidant nnd 
aie nt\(i \cj\ loiisi 

(j^psiiiii IS I ujl^ ilnindiui in tlic ioinntion, but not in tlic fom of 
distinct bids 



III Ml / ((s liim He 1/ n u /fiwnOon iiMt Cmon Oi^, 


((U il 
Abon! -S 

Ihc ((Mlsc siiulstoms an olhu usistanl ind stnid out in dills (Pig 
li) Insoim (as(s whole the \ ik \(i\ (a lea icons, the com sei beds are 
liiihic iiideiuniblc lawljr TIu fiiici iiiatoiials in nsualh eisily eroded, 
but no soindniKS lesistant to iln himniii 
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palkont()I.O(;y 


Fu)ii\ OK Tin: MoI^I^I^^o^ Foiimvtion 


llio follow mu s|)i‘(M(‘s ofncads from iho Morrihon foniiatioii boon 
described b\ Waid: 


CycadeUa reedii 
CucadcUa bccchorimm 
Cycadclla wytmUxgcmis 
Cycadclla knowltoniana 
Cycadclla cmnprcHui 
Cycadclla juras«wa 
Cycaddla 'nodona 
Cycndella Hirata 
Cycadclla cxogaia 
Cycadclla ramcniom 


Cycadclla jctruyinca 
Cycadclla contracta 
Cycadclla yravitt 
Cycadclla varucona 
Cycadclla jcjmia 
Cycadclla cone hi na 
Cycadclla irepidarin 
Cycadclla yt lid a 
Cycadalia (rbonensis 
Cycadclla knightii 


Tli(‘rc is also (UjaidcJla al^opiensh (Ward) Wicland, Araiunrio.vjjlon ? 
obi^rurum KiiowUoii, and possibly Pin(hvnlo7i dacofensc Knowlton.® 

This ilora is of no great value in indicating the age of tlio fonualion, 
but it does signify tbal the climate in which it lived was warm and prob¬ 
ably moist in places at least. 


iNVKItTKBJlATn FaLTNA OK TIIK MOURLSON FOllM \TION 

The invertebrate fauna of the Worrisoii consists of fresh-water pelocy- 
pods and gastropods, with a tew crustaceans. A number of species have 
been described and considerable material eolleided. ^Phore is nothing 
in the fauna of any value in determining the ago of the formation. The 
following species have been described: 


KELKCYPODA 

Unio felchii White, On the Frosh-Water Invertebrates of the N'orth 
American Jurassic. If. S. Qeol. Surv., Bull. Ko. 29, p. 1<>, pi. 1, figs. 
1-5, 188(1. 

" Tho flora N clcmcrllK'd and dlscussod In tho following works: 

Ward, n. F. DcHcriptlon of a New Oenua and Tw^nUy Now Wpocios of FohsU Oycn- 
dean Trunks from the Jurassic* of Wyoming. Wash. Acad. Sol., Proo., vol. I, pp. 253- 
300, pis. xlv-xxU 10(M). 

AVard, U F. Status of the Mesozoic Floras of tho ITnUed State's. IT. (;eol. Surv,, 
20th Ann, Uep., pi. 2, pp. 211-747, pis. xxl-clxxlx, 1000. 

Ward, L. F. Statiis'of the Mesozoic Floras of tho United States. TT. S. Geol, Surv., 
Monograph No. 48, pt. X, text, 010 pp., pi. 2, plates, 110 pis., 100.1, 

Wleland, G. R. American Fossil Cycads. Carneftle Inst. Wash., rul». 34, 286 pp., 
50 pis., 137 fl^s., 1000. 

Berry, F. W. Lower (Cretaceous Floras of the World, Md, (Jcol. Surv., vol. Low. 
Cret., pp. 00-161, 1 lig., 1911. 
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Vnio loj-oiiohiit Wliilo, On the P’l'ehli-Watcr In\ciiobral('h o[ tlie North 
American U. S. Hurv., Bull. No. ?9, p. li, ])1. ‘i, lif^R. 

1, 'i, ISSfi. 

Unio luiu roimHiuH White, On the Frohli-Water Fn\erfehiates of the 
Nuiih Ameriian .liua^hic. T. K. (Jeol. Sun., Bull. No. *29, p. 17, pi. 'I, 
fig. 7, laHli. 

Unio iriiloitfo'i Wliite, On llie Kresh-Water Invertelnate' of tlie North 




FIG. Olr -CaUarenuit arkmlr aandHtone, front the }torri 80 u formation near CaAon Oity^ 

The clear round grains aro anarlz and feldapar; the Interatlllal banded grains are 
calcltc j and the large grain at the left, with the dark grain al)ove It, !» replaced Tolcanlc 
ash. About t£S '. 

American .Turahnic. U. S. Geol. Surr., Bull. No. 29, p. 17, pi. 2, figa. 
3, 4,18«(>. 

Unio lapiUoiden White, On the Fresh-Water Invertebrates of the North 
American Jurassic. IT. S. Geol. Surr., Bull. No. 29, p. 18, pi. 2, figs. 
6, 6,1886. 

Utm slewardi White, lleport on the Geology of the Eastern Portion of 
the Uinta Mountaius and a Region of Country Adjacent Thereto,by J. W. 
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lAA Ifib \J^^ lOJtK 1C lOBU} 01 kOlLACLS 


Poi\on ]i 110 IT S (i(oI(t^i( il uul (KO^aaplnral Sunii ol tlu Tcru 
ioiics is;() 

I nio lUKoli'^ M((l ind lluddi IMuIt V.(id Nd Sd Pioc 1^5% 
V 

I no n tlh'^lniii I i)^n\ llii Mnlunplu uid liudidiiili I''iunas ol 
llic . Ill is-'K 1 (iiiiulKiii 111 1lu I id/ioiii Hills ol \\\oiiiiii^ Kins 
T^mv Qiidit \(il i\ p l>» ])l H li^ 10,1000 



Unto k II Hill It kigaii, lli( Slialif>nph\ ind linutoliiati Kauins ol tlu 
JuiassK I’oiniatiou in the Km/ioiit Ifills ol M\oiiiinji, Kans Hni\ 
Quail, ^ol i\, ji 131, pi 51, Ilf'S 7 lOOO 
Unto haUdjt Logan The Stratigiaph’j and Inveitehtak Pauiias oL the 
.Tniassic Fouiution in the Fici/coiil Hills ol ^\\ojnm£' Ivans Univ 
Qnail, vol i\, p. 13d, pi .51, figs 4, 6, 8,11, lOOO 
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CiVSlUOt’OIIV 

Limnaa ahiumulu White On ilu Ficsli-Aldtei Jmciitbiatcb of the 
Noith Aimiu 111 liinsMi TI S (Uol Snn , Bull Yo 20, p 30, pi 4, 
fts-s 10 11 iss(. 

L%mnaa (cw!so//« "White, On the h’icsh-Watei Imeitebiateb af the 
Noitli Aiiuncan JinasMi U S Giol Siu\ , Bull "No 20, p SO, pi 4, 
hes S 0 1 SS() 


116 'll f MS (i/losK mii’itoHi till same >0(1 Hq’t Hand »' 

The Inirtt duk m uiis uc imtl> icpliud ■vokimc ish ind the Inge gum with 
Inclusious in lli< until ol tlu fit Id is un iltuid \clcamc ash \bout Jh X 

L%mma ^ atulciala ^\hlic On the Ihosh-Watci Inveitcbutts ol the 
Noitli Ameiican JuiaiSK "U h Geol hni\,Bull No, 29 p 20 pi 4, 
figs 12-15,1886 

teiejim Meek and Ila\(len,?lula icad Nat Sci,Proe. toi 
1860, p 418,18G1 

Yortuifei <>(camin White, On the Fiesh-Water Invertebrates of the 
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NToiih Alucrkaii -Jurassic. U. S. Ueul. 8urv., Bull. Xo. '29, ]). '21, pi. 4, 
Ii^s. 4-ti, 7, 188(5. 

Vnlvdia satbritla M(>olv aiid IlaulcMi, I’liila. Acad. Nat. Sci., I'roc. for 
Oct. 18G0, p. i-18, 18(51. 

Viripanii^ !/illi Afook and Ihndcii, I’ala'ontolof'y of tlic Upper Missouri. 
Sniittis. (.‘onlr. Knowledge. \ol. \iv, uo. 1,)). 115, pi. 5, lif>s. da, 31), 1865. 

Liophuoilcs I'cldiniis Mock and llavdcn, Pliila. Acad. Nat. Wei., Proc. 
for Dee. 1861, p. 444 1186??]. 

XfirUiiia iiebrasieiim Mook and Ilayden, Phila. Acad. Nat. Sci., Proe. 
for Dee. 1861, p. 44J [1868?]. 

Valvala led Lof>!Ui, 'I'iic Stratigraphy and Invertebrate Paiinas of the 
Jurassic Porniution in the Freezcoiit Dills of Wyomin«. Kans. Univ. 
Quart., ^ol. Lx:, p. 13;!, pi. 31, llgs. 1-3, 1900. 

OSTKACOD.V 

The following ostracods am reported by While, identilieil by T. Bupert 
Jones: 

Melacypris forbedi Jones. 

Meiaujpris ? Bears a distant resemblance to “(U/pm I roncnlcata" 
Jones. 

Danvinida leguminelh E. Forbes. 

Gypris pwrbecJeends ? Forbes sp. 

Two undetennined species of Gypris. 

.VKUNDKn FOUMS 

The following species arc reported by \V. B. (Hark from tin' Arundel 
formation of Mnrylaiul: 

Bythiriia arundeknsis Clark, [Systomatie Paleontology], “Mollusca.” 
Md. (Jeol. Hurv., vol. Low. ('ret., p. 311, pi. 31, fig. (5, 1911. 

Viviparus manjlandmis Clark, [Rysti'inatic Paleontology], “Mollusca.” 
Md, Oeol. Suit., vol. Tjow. Cret., p. 313, pi. '21, llgs. l-.'),'l 911 . 

Vmparusarlinytotieiisis Clark, [Systematic Paleontology], “Mollusca.’' 
Md. Oeol. Surv., vol. Low. Cret., p. 813, pi. '21, figs. 4, 5, 1911. 

Gyrma marylandica Clark, [Systematic Paleontology], “MoUusoa.” 
Md. Oeol. Surv., vol. J^ow. (h-ei, p. 813, pi, 81, figs. H, 9, 1911. 

The only reference of importance in connection with the invertebrate 
fauna of the Morrison formation not included in the above list is: White, 
C. A. Review of the Non-Marine Fossil Mollusca of North America! 
TT. S. Geol. Surv., ,3rd Ann. Rep., pp. 4'05-650, 38 pis., 1883. 

The inveitehrate fauna is excdusively fresh-water in character. 
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Yuuti:i.i{\th! Faunv of toe MoRRif-oN Formation 

The verlel)rato fauna of tlio Morrison formation is a remarkable one. 
Tt consiats of a number of primitiTe mammals, a varieiy of reptiles, and 
a few fish. The most conspienous element in the fauna is the dinosaurs. 
Eepresentatives of the three principal groups of dinosaurs are present, 
each with a number of forma. The Sauropoda are especially abundant, 
being represented by many genera and species. In fact, all the American 
Sauropoda occur in bods of Morrison age, or very close to it. It is be¬ 
yond the province of the present paper to enter into an extensive dis- 
cusaion of the various vertebrate remains in detail. The more important 
forms are discussed briefly. Beferenees are given to the original litera¬ 
ture on the various forms. 


MAMMALIA 

AUodon latioeps Marsh 

AlloJon Miceps Marsh, N’otice of New Jurassic Mammals. Amer. 
Journ. Sci., 3rd aor., vol. xxi, p. 511,1881. 

AUodon fortis Marsh 

AUodon fortis Marsh, American Jurassic Mammals, Amer, Journ. 
Sci., 3rd scr., vol. xxxiii, p. SSf (331), ISSi*. 

Asthenodon segnis Marsh 

Astlievodoii segnis Marsh, American Jurassic Mammals. Amor, ,loum. 
Sci., 3rd ai*r„ vol. xxxi, p. 327 (336), 1887. 

Dryolestes prisons Marsh 

Dnjolesles prisms Marsh, Fossil Mammals from the Jura.asic of the 
Kocky Mountains. Amer. Jonni. Sci., 3rd scr., vol. xv, p. 450,1878. 

Diyolestes arcuatus. 

Bryohsles aremius Marsh, Notice of New Jurassic Mammals. Amer. 
Journ. Sci., 3rd scr., vol. xviii, p. 396 (307), 1879. 

Dryolestes gracilis Marsh 

Drgolesies gracilis Marsh, Notice of New Jurassic Mammals. Amer. 
Journ, Sci., 3rd ser., vol. xxi, p. 611 (613), 1881. 
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Dryolestes obtxisus JMarsh 

Ifryolcslei^ ohhi'>ii'< M.ir,sli, N’olicc of Jurassic Mamnialh rcprcsciiling 
two Now* Onlcih. Aint'i. .loiini. Sci., Jnl scr., \ol. w. p. 23ft (237), 
1880. 

Dryolestes vorax Miifsli 

l)ryoleKle.\ roni.r Marsh, Addilioiial Wciuiiiiih oi‘ Jurasaic Maiiiinala. 
Amor. Joiirii. yei., 3i(l acr., \ol. wiii, p. 21ft, 

Gtenacodon serratus Dfarslt 

(Ucnucoilon ftfnvltis Marsh. .Volicc of N'cw Juraisic Mainnials. Aincr. 
.Tourii. S(i, 3rd scr., vul. win, |i. 3!Ki, IHli). 

Gtenacodon nanus Marsh 

CIcUiKoiloii Maish, Xolicc <d‘ .Vcw .hirassic Manunals. Amcr. 

Joui’Ji. Soi., ;>rd scr., \(»1. .\\, p. ftll (312), 1K80. 

Gtenacodon potens Marsh 

Clemuoilon /a)/c//,s'Marsh, \iiicrican .Iiiiassic Mammals. .\mcr. Joiirii. 
Sci., 3rd scr., \(il. \\\iii, p. 321 (333), 1881. 

Dicrocsmodon victor lM«rsli 

Diplovifnotlon vidnr Mursh, Notice^ of JuniNsii* Mnininnlh 
hro Xw OnliMs. Aini'i*. floiirii. Sim*., .‘Ird mm-, \()l. w, |>. 2;>r), 1(SS(I, 

Di{rorjjnodoH vidor .M}U>h, (In Ohboin, II. h\ On tiu* SIriuduro 
and (liihsilicMlion of lln* Mfiiiunnliti. Pliila. .Vend. Nat. S(d., 

donrn, (.M, i\, p. 1S(I IMSS.) 

Docodon striatus Marsh 

I>f)(0(lon A’/m/z/s Marsh, Nolitn* of N(n\ durassir iMannnals, Ainar. 
Joiirn. Jinlsor., \oL \\i, p. 511 (50^), 1881. 

Emiacodon crassus JMarsii 

Unneodon (rasswi Marsh, Ainerirau dumssir Manunals. Anun*. donrn. 
S(*i„ drd SOI*,, vol. xxxiii, p. (ddJ)), 188T. 

linnatodon tramis Marsh, Additional Oonora ratahlishcd by Fh*of. 0. 0. 
Marsh, 1880-1880. Piinlod privately, prohahiy in 1889. 

Ennacodon afiSbiis Marsh 

Knneodon affinh Marsh, Aiiu*rieaii Jurassiv Manunals. Anier. »Touni. 
Sci^ 3vd ser., vol. xxxiii, p. JV37 (330), 1887. 
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Enrmodon a/finis‘ Marsh, Additional (iriiera Kstablislii'd by I’rof. 0. C. 
Marsh, 1880-1889. Printed ])rivately, ])roI)ably iu 1889. 

Paurodon valens Marsh 

Pnarodoii valem "Mai^hii, Amorican Jurassk' Mainiiials. Aiiier. .fourn. 
Sei., 3rd ser., vol. xwiii, p. :i'i7 (31*3), 1887. 

Stylacodon gracilis Marsh 

Slylatodon gra/iHx Marsh, Motioe of a Xew .furas^ic Jlainnml. Ainer. 
Joum. Sci., :>rd ser., vol. iii, p. (>0. 1879. 

Stylacodon validns IMarsh 

Slyla(0(lon validun Marsh, Noliro of .lurassio Mammals jopreseuting 
two Now Ordom. Amor, doiii’ii. Sei., ;lnl sc‘r, vol. xk, p. (^SG), 
1880. 

Laodon venustns Marsh 

Laodon lu'iiiixlits Maiv^h. .Vnioricaii .hirnssic .Mammals. Atiu>r. ifourn. 
Soi., :)rd sor., vol. .vvxiii, p. O'W (3;}7), 1887. 

■ Priacodon ferox Jlarsh 

Tinodon ferox Maish, N’olico of dnrahsio Mammals representing two 
Now Orders. Ainer. Joiirn. Soi., 7lrcl ser., vol. xx, p. 235 (23G), 1880. 

Tritnndon fmix ro]io, 1’lu‘ Mechanical Causes of the Development of 
the Hard Parts of the Mammalia, .lonrn. Morph., vol. iii, p. 171?' (237), 
1880. 

Pri(tiodoii ferox Roger, N'erzoichiiiss der bisher hekannten fossilon 
Saiigethien'. Neu isnsammengeRtellt ^on Dr. Otto Roger, k!>l. Regior- 
nngs-imd-Kn'is-Medizinrath in.Vtigsburg. Rericht. natnnviss. Vereiiw f. 
Sehwabeu imd Neuberg (a, V.), xxxii, p. 1, 1896. 

Menacodon rams Ukrarsh 

Mi‘U(irodo)i mrm Marsh, American Juiassic Maininals. Amor, .lourn. 
Sei.. .‘Ird ser., vol. .v.xxiii, p. 337 (.140), 1887. 

Tinodon bellus Marsh 

Tinodon hellus Marsh, Additional Ueniains of Jnras.sic Mammals, 
Amer. Jonrn. Sci., 3rd ser., vol. xviii, p. 215 (316), 1887. 

Tinodon lepidns Marsh 

Tinodon Icpidiis Marsh, Notice of New Jurassic Ifamnials. Anier. 
Jonrn. ReL, 3rd ser., vol. xviii, p. .196 (398), 1879. 
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Tinodon robustus JMarsh 

Tinodoii r(ibitf<fii.s Maihli, Notice of New Junissie Mammals. Amcr. 
Jouni. S(‘i., Ilrd ser., ^o]. x\iii, j). .‘tlK! (.‘fitl), IHlf). 

Triconodon bisiilcus ^Tai'Kh 

Trhonodon hisiihux Marsh, Notice of .Iiirassie Maiimmlh representing 
two New Orders. Amer. Journ. Sci., Itrd ser., vol. ]>. ‘idt) (237), 
1880. 

The mammals are all archaic in character and belong to piimitivo 
fonns of mai’sn[)ials and moiiolremes. The} are known oidy from jaws 
and teeth. 

A'alunlilc informatiou concerning the Morrison inainnials is (‘ontained 
in “American J-urassic Mammals,” by 0. 0. Marsh; “On the Stmeture 
an<l t'lassification of the Mesozoic Mammalia,’' by H. P. Osborn; and 
“Evolution of the Mammalian Molar Teeth,” by 11. P. Osborn. Por 
further references the reader is referred to 0. J\ Hay’s “Bibliographv 
and Catalogue of the Possil Verlebrata of North .Vnienca.” 

AVIiS* 

Laopteryz priscus Dfarsh 

Laopleni,r jinMiis Marsh, Discovery of a Possil Bird in the .Fiirassie of 
Wyoming. Amer. Journ. idei., tlrd sei'., \o]. .\\i, p. 341, 1881. 

Prom the Morrison formation of Wyoming, ]irobably from Como BlnlT. 
Kno\ni from part of a skull. 


HKI’TII-I \ 
mmsAVJiU 
BAOaorODA® 

Astrodon jobnstoxd Leidy 

Astrodon Johnston, Anw'f. Journ. Dental Rci., 18A!). 

Asirodon jolin/doni T.eidy, Memoir on the Extinct Reptiles of the 
Cretaceous Formations of the United States. Smiths. Contr. Kjunvlcdgi*, 
xiv, pp. 302, 110, 1865. 

This form is known from teeth only. It was discovered in the Arundel 
beds of Maryland. 

“This group will he treated thoroughly In the forthcoming monograph by Professor 
H* P. Osborn. 
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Dystrophaus viamala (Jope 

Dtiulroiiltaiis viwuialw ('(ipo. On a Diiiohauriau fi'om tin* 1’rias of Utah. 
Amer. PliiloH. Soc., Proc., ^ol. \ri, p. 50). 18:7. 

The lypc locality of Ihih hpocioh ih Paiiitod Canyon, iii houtlieabtcrn 
Utah. H'Ik* l)(*(lh were considcml by Cope to be Triassie, l)ut have since 
])een found io be tin* Mclillino formation. Only a small part of the 
skeleton is known. 

Atlantosanrus montanus Marsh 

Titanonniinis moiilauiiH Alarsb, Notice of a new and Gigantic Dinosaur. 
Amor. Jourii. tici., 3r(l ser., \ol. \iv, p. 81, 1877. 

Aihniomurm iiionliniim Marsh, Notice of New Oinosaurian Eeptilps 
from the d urassic formation. Amer. Journ. Hei., IJrd ser., vol. xiv, p. 514, 
1877. 

This foi’iu was discovered'at 'Morrison, Colorado. It w'a« the first form 
of the Sauropoda found in the eastern iloeky .Mountain area of the Morri¬ 
son formation and the one which ga\e its name to the formation as 
"Atlantosanrus beds.” 

Oamarasaunjs supremns (h>pe 

Camammunis^ mprpniuif Cope, Gn a Gigantic rianrian from the Dakota 
Epoch of Colorado. Paleontological Bxilletin No. 35, 1877. 

Prom the upiicnuost beds of the Morrison formation near Oafiou City, 
Colorado. .V well known and ebaraeteristie "Morrison form. 

Canlodon diversidens Cope 

Vaulodun Cope, On Eojitilian lloinains from the Dakota 

Beds of Colorado. Amer. Philos. Sw., Proe., vol. xvii, p. 133, 1877. 

I'rohahly from the uppermost beds of the Morrison fonnation near 
Canon City, (’olorado. Known only from teeth. 

Apatosaimis ajax Iifarsh 

AlMltmtiniJs ajax Marsh,'Notice of New Dinosaurian Eeptilcs from the 
Jurassic formation. Amer. Journ. Sci., Srd ser., vol. xiv, p. 314, 1877. 

Type locality, Morrison, Colorado. Characteristic portions of the skel¬ 
eton known. 

Morosaurus grandis Marsh 

AjHilomums (jranilia Marsh, Notice of New Dinosaurian Eeptilos from 
the Jurassic formation. Amer. Journ. Sci., 3rd ser., vol. xiv, p. 514, 
1877. 
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Morotiaitni'< (imiuiis Marsli, Priiu'ijml Clmnieiprs of Auioncan Jurassic 
DiiiO'^ains. l*t. 1. Aiiicr. Jouiii. St'i, 3rcl scr.. \ol. \vi, p. 411, iHnS. 

Tins form is w idospicad in (lie Aforiisoii formaiioii. The I_v|k‘ lo(‘alil\ 
and level is the Morrifiou fonnaiion at (hmio niidf, Wyoming. Almost 
the entire skeleton is known. 

Amphicoelias altus (lope 

Am})lii((vlm Cope, On Ainpliicmlias, a genus of iSanrians from 
the llakota epoch of Colorado. Paleontological Butictin 'Mo. ‘27 (Amor. 
Philos. Sue., Proc., vol. wii, ]i. 313), ISH. 

Prohahly fiom the uppermost bods of tlie Morrison formation near 
Canon Citv, Colorado. Known from a small part of the skeh'ton. 

Amphiccelias latiis Cope 

Aiii/)hi((vlm laliiH Cope, On Aiuphieodias, a genns of Waurians from 
the Dakota epoch of Colorado. Paleontological Bulletin No. 37 (Amer. 
Philos. Soc.. Proe., vol. wii, p. 313), 1817. 

Prohahly from the uppermost beds of the Morrison formation near 
('afion City, Colorado. Only a small })(jrt of skohdon known. 

Symphyrophus musculosus Cope 

HjinipInirojiliiiN ul(isii.s Cope, On the Vertebrata of tlio Dakota 
Epoch of Colorado. Paleontological Bulletin No. 38 (Amor. Philos. 
Soe., Proe., vol. xrii, p. 316), 18i8. 

Krnm near Canon City, ('(dorado, probably from the uj)}>erraoBt beds 
of the Morrison formation. Not very vvcdl known. 

Caulodon leptoganus Cope 

Cdiihtlon Cop(>, On the V(>rlcbraln of the Dakota Epoch of 

Colorado. Piileonlologieal Bulletin No. 38 (Amer. Philos. Soe., Proe., 
vol. wii, p. 311), 1<S1K, 

Same locality and horinoii as alKive, Known only from te(41i. 
Atlantosaurus immasis Marsh 

Alhmlosaurna immanix Marsh, Notice of New Dinosanrian Reptiles. 
Amer. Joinm. Sei., 3rd ser., vol. xv, p. 211, 1878. 

Prom the middle Morrison lasls near Moiriison, Colorado. Covnpaia- 
tivcly small ]>art of skeleton known. 
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Morosaurus impar Marsh 

Moromurui^ intpar Jfaihli, N'otiro of Now niiiosaiman Tfeplilc^. Amor. 
Jourii, Sol., :»r(l s(‘r., \ol, \\, p. "iri, IS^S, 

Typo loCcT-lity and lovid, Morrihoii formation at Como Bluff, Wyoming. 
Ejiown from \orv iinporfoct maforial only. . 

Epanterias amplexiis Cope 

Epanierm ainplcA'us C^oj)e, A NTew Opistlioemlous Dinosaur. Amor. 
Nat., vol. \ii, p. 40f), 18^8. 

Probably from ilie u[)periuost ^Morrison bods near Cailon City, Colorado. 
Known fioiii very iniperfeot rmnains. 

Amphicoelias fragillimus Cope 

Ampliuwliafi (V)|)c, A New Speoies of Amphiofolias. Anier. 

Nat, vol. -\ii, p. 50:1, 1878, 

From I he iippenno-t beds of llie MoriuVon roriuation near Canon City, 
Colorado. Not W(‘ll known. 

Morosaurus robustus l\larsli 

Mowmunis robuslus Marsh, Prineijial ('haraetei-s of American .Turassio 
Dinosauis. PI. 1. Anier. Joiiru. Soi., 3rd ser., vol. \vi, ]). -114, 1SI8. 

Type locality and level probably the Morrison formation at Como Bluff, 
Wyoming. Parts of skull and skeleton known. 

Diplodocus longus ]\Inrsli 

Diplodoi us loti(/ns Marsh, Primdiial Ohoraiders of American »lurassic 
Dinohaims. IM. f. Ani(‘r. Joiirn. Rci., 3nl H‘r, vol. \vi, p. 414, 1878, 
From the middh* beds of the Morri'-on rormation near Canon Cilv, 
Colorado. Several nioi’e or lass ('omjihde skeletons of this form are 
know n. 

Apatosaurus laticollis 

AjHthmiiniK InruoUlx l\rnrslu Vriiu'iiinl (1iunicti*is of Aiuorican Juras¬ 
sic Dinosuiira. I’l. IF, Amor. Joiini. Moi., Jrd «or., vol. .wii, p. 88, 
1879. 

Only a small portion of the skolelou i'^ i)rpsoi’\t*(l. 

Gamarasaurns leptodirus dope 

Camaramurm leplotlinih Cope, New Juraasie Dinosaiiria, Amer. Nat., 
Tol. xiii, p. -lOS, 1819 
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From iho u})])(‘r l)(‘<lh ol ilu* roriiiiiiiori in*iir (\inoii (‘olo 

nido. Oiil} Ji iV\\ twv known. 

Brontosaurus ezcelsus Marsh 

/>n>///asYO//'//rSwur/,s//s'Maislu Noint'ol* How flnrassit* lh‘i)lil(‘s. Amor. 
Jouni. St 1 ., iJrd M‘r., \ol. win, p. r)0;>, ISiil. 

This form is |)(‘iiia|)h [ho hohi known of tin* Smiropoda. Tlit^ l^^pt* 
sjK't'inien was found iii ilio Moirison hods ai (’omo IJliilT, noar M(‘duMm* 
Bow% Wyoming. Oihor iiiattMual of iho spooios has hooii foiiml in Iht* 
Morrison bods at \arioiis looalilios. Ntmrly tho oomplolo skoloion is 
known. 

Brontosaurus amplus Mai-sh 

lironlosauniH awjtliis Marsh, Frinoipal (Mianudtn's of Vinmuoan diiras- 
sio Dinosamu Ft. W Ahum*, doiiin. Soi., ;^rd st‘r., \ol, \\i, p. FM, IS,SI. 

Morrison formal ion ai (^)mo BliilT. Fart of skoloion knowm. 

Diplodocus lacustris Marsh 

Diplodovm Marsh, Frinoipa! (Siaraoim’s of Annu’ioan durassio 

Dinosaurs. Ft. A'll. Di|)lo(looi(ho, a Now Family of tlio Sauropoda, 
Amor. Joiirn. Soi., drd ser., ^ol. \Kvii, p. HHI, 1S81. 

Morrison formaiion noar Morrison, (^)lorado. Known from frag¬ 
mentary material ojily. 

Pleuroccelus nanus l\Iarsh 

PhnirocttluH naunn Marsli, Nolioo of a Now (lonus of Sanropotla and 
oilier new Dinosaurs from tho Polomat* Formaiion. Aim»r. dourn. Soi., 
drd sor., vol. ]). hO, 1888. 

From tho Animltd hods in Maryland, probably noar Mnirkirk. Fhar 
aoiorisiie parts of iho sktdoion are known. 

Pleuroccelus altus Marsh 

Phurocwlm allm Mai*Hli, Notioo (d‘ a Ntwv (hmns of Sanropotla ami 
othor new Dinosaurs from the l^)i()mat* Formation. Amt‘r. dourn. Soi., 
drd ser., vol. xa*xv, p. i)3, 1888. 

Fioin the Amndol formation near 'Mnirkirk, Maryland. Fart of liiml 
liml) only is known. 


Morosaurus lentus Marsh 

lIoroHaurm lenhta Maish, Notice of New American Dinosauria. Ainer, 
Jouru. Sci., drtl sor., \oI. xvxvii, p. 1889, 
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IVloiTihon beds of Wyoitunjr. probably from Como r>lufr. Tho l^po 
specimen consisis of a nearly complete skeleton of an iiiimiitiire individual. 

Morosaurus agilis IMarsh 

.]foros(iiinix (if/His Marsh, Kotiee of New -Vmerican Dinoaanria. *Aiiner. 
Journ. Wei., :Jrd sor., vol. \vx\ii, p. 33-1, 1889. 

From tlie middle beds of the "Morrison formation, near Canon City, 
Colorado. Tlie skull and a feu other parts of the skedetou are known. 

Barosaurus lentus JMarsh 

Ham^auriits leiilun Marsh, Descnptiou of Xeiv Diuosanrian Beptiles. 
Amer. Journ. Wei., Srdser., \ol. \v\i\, p. <S5,18!I0. 

From the Morrison fonnation near Biedmont, South T)akota, A com- 
jiarativcly small part of the skeh'ton-is known. 

Pleurocoelus montanus Alarsh 

Pleumalm moitlainiH Marsli, The Dinosaurs of North America. IT. >S. 
(.tcoL Surv.. Kith Ann. Bop., 1‘t. 3, p. 181,18!)(i. 

Tipe locality and horiron unknown. \’ery little of skeleton is known. 

Barosaunis afSnis Marsh 

Barosaurus' u/finis Marsh, Footprints of Jurassic TBnosaurs. Amer. 
Journ. Sci., ith ser., vol. lii, p. 338, 1899. 

Prom the Morrison formation near I’iediuont, Wouth Dakota. A'cry 
littie of the skeleton is known. 

Diplodoous camegii Hatcher 

Diplodoam turiicj/'n Hatcher, Diplodocus Marsh, its Osteology, Tav- 
oiiomy, and Probable Habits, with a Bostoration of the Kkeleton. Cam. 
ifus. Mem., vol. i, p. 1, 1901. 

From till* Morrison beds near Shoe)) Creek, Wyoming. Most of the 
skeleton is w'ell kmmm. Bostorations of this fonu liave been installed in 
many of the large museums of the ivorld; eonseiinently this is one of the 
best known of the Wauropoda. 

Elosaxirxis parvus Peterson and Gilmore 

Elosawrus parvus Peterson and Gilmore, Elosaunis parvus; a new 
tlemis and Species of the Sanropoda. Cam. Afus. Ann., vol. i, p. 490, 
1902. 
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From the IfoiTisori 1‘orinaiion iicar Slu'(‘p W\<iinins;. Cliar- 

aotoriatic piii'tw of {he hkelelon of a }()uni> iniliMiltial an' known. 


Haplocanthosaurus priscus ilait'ln'i- 

llniflotiiulliii't itri'itiif) llaii'lier, x\ New Saiii'(i|iotl l)iiios.uir Trom the 
.liirahsie of Colorado. Ihol. Soe. Wash., I’roe., ^ol. \\i. )). 1, IDOI!. 

/fnplocaiUIioHanniK i>rmii>i Ilaielier, Nt'W Name l‘<a' the Dinosaur 
llnploeaiillms. Biol. Soe. Wash., Free., vol. \\i, p. 100, lOO:!. 

Fioin the middle he<ls of .{ho ’Morrison formaihai near ('afion ('i{y, 
Colorado. A oonsiderahlo part of {he sk('le{on is known. The rorin is 
the nioai prinu{i\e of {he Aineriean Sauropoda (aloiiji wi{li II. iillor- 
bai Ii'i). 

Brachiosaurus altithorax K’ii’i's 

Hivrhiosatinii^ (ilHllu)r(i.r llii?}>s, Ilmiliinsaiirii.'t allilliorin. Ilie Ijar};eal 
Know'll Dinosaur. Amor, dmirn. Sei., lih ser, vol. \v. ]i. '2!)!), 1!)0;;. 

From the MeEhno beds in {he Grand River Valley, near Fruila, Colo¬ 
rado. This is a remarkable i'orni in wideh llu'luimeriis is longer lhan 
{he I’cmur. 11 is ropresenli'd by si'veral species in Gernian Mast Africa. 
The present speeu's is known from eliaraeli'rislie purls of the skeleton. 

Haplocanthosatirus ulterbacki IJateber 

IlaplocanihoHiiiiniit nttcrhacki llateher, Ostoolojiy of Ilaphu'antho- 
snurus, with Deseription of a New Hjieeies, and Remarks on the Rrohabhs 
llnhits of the >Saiiropoda and the .\}fe and Origin id' llu' Ailanlosaiirim 
beds. Cam. Mus. Mmn., vol. ii, p. 21, I!io;i. 

From the middle bods of (he Morrison formalion near Cahon Cilv, 
Colorado. H is larKerthan II. iirMu.'t. and is known from eliaraeleristie 
parts of the skc'lelon. 


Apatosaurus louisss llolinnd 

Apalomiirm loiiim Holland, ,\ New Hpeeies of Apiiiosmiriis, Cam. 
Mus. Ann., vol. \, p. I Ri, lillfl. 

A large and well eharaeleriiH'il form from Ihe Morrison formalion near 
Jensen, Dlali. 


TlIKKOI>ni)\ 

Dryptosaurus trihedrodon (('ope) 

L(flaps Inhctlmlon ('ojie, II. S. Geol. and Oi'og, Hiirv. Terr., vol. iii, 
art. xxxiii, p. 805, 1H77, 
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Dryptosaunis triliedrodon Marsh, Notice of a new and Gigantic Dino- 
sa\ir. Amer. Jouni. iSci., 3rd ser., vol. xiv, p. S'!, IMm. [Footnote to 
p. 88 states Lwlaps Gopc to ])e preoccupied by Lodapa Koch. Dry pi o- 
saurm is proposed to replace it.] 

Discoveml near (^auoii Gih, Colorado. Probably from the uppenuost 
beds of the Morrison formation. Known from fragmentary re mains* only. 

Hypsirophus discurus Cope 

llypsirophun discurus Cope, A New Genua of Dinosaiiria from Colo¬ 
rado. x\mer. Nat., vol. xii, p. 188, 1878. 

Probably from the uppermost beds of the Morrison formation near 
Canon City, Coloiado. Known from part of the skeleton. 

Allosatinis fragilis Marsh 

Allosaurus frayUis Marsh, Notice of New Dinosaurian Peptiles from 
the Jurassic formation. Amer. Journ. Sei., 3rd ser., vol. xiv, p. 514 
(515), 1877. 

“Upper Jurasbic of Colorado.” Probably tlie middle beds of the Morri¬ 
son formation near Canon City, Colorado. Knovn from practically com¬ 
plete skeletons. 

Creosaxmis atrox Marsh 

Creosaiirus alrox Marsh, Notice of New Uinoaaurian Reptiles. Amor, 
Joum. Sci., .‘!rd ser., vol. xv, p. 711 (313), 1878. 

Prom tile “Upiier Jiira.SBic of the Pocky Mountains,” probably the 
middle bedh of the Morrison formation near Canon City, or near Morri- 
bon, Colorado. Known from lepici-entnlne pi.rtioiis of tbe f,kok'ion. 

Antrodesmus lucaris (TVEarsh) 

Allosaurus huaris Afai’sh, Notice of New Dinosiuirian Hepliles. Amer. 
Journ. Sei., 3r(l ser., vol. .xv, p. 341 (243), 1878. 

fiuhrosutirus huaris Marsh. Principal Oharactors of American Jiirasaic 
Dinosaurs. xVmer. Joura. St-i., 3r(l siw., vol. xv’ii, p. 86 (91), 1879. 

Anlrodrsmas huaris Tfiiy, Ribliography and Catalogue of the Fossil 
I'ertebrata of North America. U. S. Qool. Surv., Bull. No. 179, p. (489), 
1903. 

From the “Upper Jurassic of the Rocky Mountains,” prohably from 
the middle beds of the Morrison formation near Canon City, or near 
Morrison, Colorado. Mmall part of the skeleton is known. 
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Antrodesmus valens Leicly 

(I’oicilopleuron] (Aiitrodo-imih) Ix'idy, I’lula. Acad. Niil. Sci., Proc., 
vol. lor 1810, p. ;i (4), 1810. 

Ldbrumiirus fpror IfaTsli, Principal (liaradcrs id' Aiiicricaii durassic 
DinoEaui>. Pt. ATII. The Order 'riieropoda. Amer. .I(iiirii. Sci., :)rd 
ser., vol. xxvii, p. 1)20 (dlld), 1881. 

AtitroJemiis raleni^ Ilaj, Bibliography and Uatalogiu' of llie Fossil 
A'ertebrata of MTortli America. TT. S. Gcol. Surv., Bull. No. ll!!, p. 
(4-90), 1902. 

Prom Middle Park, Colorado. Small pari of skeleton known. 

Coelurus agilis Marsh 

Ooelurus agilis Marsh, Principal Gharaclors of American Jurassic Dino¬ 
saurs. Pt. Vlir. The Order Theropoda. Amer. Jmirii. Sci., :!rd ser., 
Tol. xxvii, p. 329 (335), 1884. 

“Jurassic, Colorado." Probably the middle ]iart of lh(> Morrison for- 
matiou, near (’anon City, or near Morrison, Colorado. Small pari of 
skeleton known. 

CcBlunis fragilis Marsh 

Cahrus fragilis Marsh, Notice of now Jurassic Ih'pliles. Amer. 
Joum. Sci., 3rd ser., vol. xviii, p. 501 (504), 1819. 

“Jurassic.” Probably from the Morrison formation. Small part of 
skeleton laiown. 

This species was about the size of a wolf, being uniisiialli small for a 
dinosaur. 

Tichosteus lucasanus Cope 

Tichoslfiiis Imusaniis Cope, On Uejitilian Ihmiains from the Dakota of 
Colorado. Amor. Philos. Soc., Piw., vol. wii, p, 193 (195), IHI'T. 

broin near Canon City, Colorado. Probahl_\ from the n|)perinosl hi'ds 
of the Morrison formation. Only small part of the skideton is known. 

Tichosteus sequifacies Cope 

Tichosteus (sqmfacies Cope, Dcscrijitions of new JSxtinct Vortobrala 
from the Upper Tertiary and Dakota Formations. T. S. Oeol. and (leo" 
Surv. Terr., vol. iv, p. 379 (392), 1878. 

Probably from the uppermost beds of the Morriadn formation near 
Canon Citj’, Colorado. Only a small part of the skeleton is known. 
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Oeratosaurus nasicornis Marsh 

('cratomiinia Alarbli, Principal t'lmractorh of AniGrican Ju¬ 

rassic Dinosaurs. I't. VIIl. Thu Order 'I’lieropoda. Aiuer. Jourii. 
Sci., :irtl ser., vol. \\\ii, |). JliO (JJO), 1884. 

J’rohahh froui llic middle hods of the Moriison J'orinatiou near Cailoii 
(hty, Colorailo. Most of the skeleton is known. 

Omitholestes hermanni Osborn 

Oniilholt’i^ln hermamn Oshorn, Omitholestes Hermanni, a New Conip- 
sognalhoid Dinosaur from the Upper Jurassic. Amer. [Mus. Nat. Hist, 
Bull., vol. .\i.\, art. \ii, p. 45!), IhOJ. 

From “Bone ('ahin (Biarrv” near Medicine Bow, W^'oming, in the ijor- 
rison formation. Tliis form is esjiecially liglit and unall. 

Allosanrus medius itlarsh 

AlloHatints me(liii.s Marsli, Notice of a New Uenns of Sauropoda and 
other new Dinosauis from the Potomac Formation. Amer. Journ. Sei., 
ord ser., vol-. p. 8!) (5).‘5), 1888. 

Prom the .\rnndel formation, near Muirkirk, Prince Georges County, 
Marj’laud. Known from teeth only. 

Creosaxiras potens Lull 

Crcosmrm jiolem Lull, [Hysteinatie Paleontology], Reptilia. Md. 
Geol. Siirv., vol. Dow. Uret., j). 183, 1911. 

Prom the .\uindel formation in IVashington, I). U. Known from frag¬ 
mentary mati'rial only. 

CoelTirus gracilis Marsh 

('(rliom i/iiii iliK Marsh, Notice of a New Genus of Sauropoda and other 
new Dinosaurs from tlu' Potomac Formation. Amer. Jonrii. Sei., 3rd 
ser., vol. \’\\'\, p. 8!) (91), 1888. 

From the -Vrundel formation, near Mnirkirk, Maryland. Small part 
of the skeleton is known. 


, wuroicnTATA 

Stegosaurus armatus Marsh 

i^leifosaiirm anrUttm Marsh, A New Order of R.xtinet Reptilia (Stego- 
sauria) from the Jurassic of the Rocky Mountains. Amer. Joum. Sei., 
3rd ser,, vol. .\iv, p. 513, 1877. 



.\V\\ iOIih. lC'U;/i’l/» Oli' 


lU 

According to Maihli, the Upc mih fouiul in Hie -luriihsK oi Hie lioeky 
MdiintaijiB in Colorado, near tlie Joealiti of AllanloxoKni.s iii()nhniii>t. 
Thib means the Morri-oii formation at lilornwm. Woht of Hie hkeletoii 
is known. 

Stegosaurus discurus (Oojie) 

JIil/K'iiropliiuf disc in us Cope, A Kew Genus of Diiiosaurin from Colo¬ 
rado. Amor. Nat., vol. \ii, p. 188, 1878. 

Sfeijusaiinift ilLs<uni'> Hay, Bibliograpliv and Catalogue of the Poshil 
Vertebrata of North America. U. S. Gcol. Surv., Bull. No. llh, ji. 
(49(5), 1902. 

Probablv from the uiipemiobt beds of the Morrison formaiioii iiiair 

Cation City, Colorado. Cliaraeteriatie portions of the skeleton are known. 
» 

Stegosaurus seeleyauus (Cope) 

lIijpsiropliHS seph’yauus Cope, New' Jurassic Dinoaauria. ,\mer. Nat., 
vol. xiii, p. 402 (404), 1879. 

l^tegosuiirus seelayaniis Hay, Bibliography and Catalogue of Hie Fosail 
Vertebrata of North America. U. S. Geol. Surv., Bull. No. 179, p. (19(5), 
1902. 

Ixxiality not given. Hay notes it as from Hie “Jurassic, Colorado.” 
Characteristic portions of the skeleton arc known. 

Stegosaurus uugulatus Marsh 

Stegosiiurus unguhihis ilarsh. Notice of New -Inrassie Reptiles. Ainer. 
Joum. Sci., 3rd ser., vol. .wiii, ji. 501 (.KM), 1879. 

Locality not given in the origiinil description, but the form is known 
to exist in the Morrison formation. H’ho coinpleic skchdon is known. 
This is one of tire host known mcmitera of the Morrison finitia. 

Stegosaurus affinis Marsh 

Shgomunis a/fiti'us Maisli, Principal Charnclers of American .lurassic 
Dinosaurs. Pt. IV. Spinal (Vird, Th'lvis, and Limbs of Hh'gimiinni. 
Amer. .Tourn. Sci., 3rtl ser.. vol. xxi, p. 1(17 f 1(50), J8.S1, 

Locality not given. Parts of the skeleton arc known. 

Stegosaurus stenops Marsh 

Stegosaurus stennps ]\rarBli, Principal Charactom of American .Tnrassie 
Dinosaurs. Pt. IX. The Skull and Dcnnal Atjx^t of Stogosiiurus. 
Amer. Jonrn. Sci., ;lrd ser., \ol. xxxiv, p. 413 (114), 1.887. 

Probably from the middle licds of the Morrison fonnation near Cniion 
City, Colorado. Practically the complete skeleton is know'll. 
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Stegosaurus sulcatus Alarsh 

Siegomurm Vrmeipal Characters of American Jurassic 

Dinosanrh. PI. IX. 'I'lio Hkiill and Dermal Amor of Stegosaurus. 
.\mpr. Journ. Sci., :U*(l sor., vol. \\\iv, p. 113 (11.")), 1887. 

Xo locality is gi\on. Pari of the skeleton is known. , 

Stegosaurus duplex Marsh 

i::ite<josaurus <hq)l<‘.r Maish, Principal Characters of American Jurassic 
Dinosaurs. Pt. IX. The Skull and Dermal Armor of Stegosaurus. 
Amor. Joirni. Hei., :ird ser., vol. xxviv, p. 413 (1115), 1887. 

Lo(ality not gi\(‘n. Posterior ])orlion of the skeleton known. 

Diracodou laticeps Marsh 

Diraro<lon lalicops Marsh, PriiU‘i})al Cliaracters of American Jurassic 
Dinosaurs. Pt. V. ,\mer. Jouin. Hei., .3rd ser., vol. \\i, p. 417 (4‘M), 
1881. 

From the Atlaulosaurus l)e<lh of Wyoming, prohaljly from (h)mo llhilT. 
Tery little of the skeleton is known. 

Stegosaurus longispinus Gilmore 

Stegoxauni^ longispiiom (Jilmorc, Osteology of the Armored Dinosauria 
in the United States 'N'atiomil klnscmn, with Special Peferenee to the 
Genus Stegosaurus. IT. S. Nat. Mus., Bull. No. 85), 13C pp., .37 pis., 7.3 
figs., 15)11. 

From the krorrison V/^ miles east of xMcova, Natrona County, Wy¬ 
oming. Charactcrislic portions of Ihe skeleton are Icnown. 

Hoplitosaurus marshi Inieas 

nopUlosaunm niariilii, from the laikota txala of the Black Tlills region, 
mu\ also occur in the Mnrrisoti foiiuation, hut lm.s not Iuh'Ii delinitcly 
reported. 


Camptosaurus dispar Dlarsh 

Vainpionotm dhpar Marsli, Notice of New Jurassic Reptiles. Amer. 
Journ. Sci., 3rd ser., vol. xviii, p. 301, 1875). 

Camptomurus [dw/jur] Marsh, Names of E.xtiuct Reptiles. Amer. 
Journ. Bei., yrd ser., vol. xxi.x, p. 1(59, 1885. 

No locality given, ('harai'tcristic portions of the skeleton are known. 
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Camptosaurus amplus Marsli 

('(inijilonolm fiw/ihi'^ Alarhh, Nolu-o of N(‘W -lura^^ir Itopiilci'. Aiik'!'. 
Joiiiu. S(i.. :>nl K‘r., \ol. x\ni, p. Mil (Ml!!), ISI!!. 

(’(iiHiilosdiiiii'> \(Uiiiiliis\ Marsh, NaiiK's ol Kviini'i Ih'piilcs. Ahum. 
iToirrn. Sci., .‘iul sor., \ol. \\i\, p. l(!!l, ISHA. 

Fioni a lo\\c‘r horizon tliau (K dispar. No loouliiv A small 

part oJ' tlie skeleton js known. 

Camptosaurus mcdius Marsh 

Va)iiiil(mi(iii.s meJiiis Marsh, Tlie 'Pvpieal Ornitliopoda of the Ameri- 
eau .rnrassie. Ainer. ifouru. Sei., .‘trd ser.. Mil. \lviii, p. 85, ISSII. 

Ko localih {^i\en. Parts of the skeleton are known. 

Camptosaurus uauus Marsh 

Caiiiptusaiints iKtmis Marsh, The 'Pypieal Ornilliopodn of the Anieriean 
Jurassic. Amer. ,Iomn. Hci., tlrd ser., vol. xhiii, p. 85. 18!ll. 

Xo locality given. Small ]mrt of the skeleton is know'ii. ^I'liis form 
is one of the smallest of the diiumnrs, heinu oid\ ahont six feet long, 
according to Marah’s estimate. 

Laosaurus oeler Marsh 

Laosaunit, icier ifarsli, Notici* of New Dinosaurian Reptiles. .\mer. 
Journ. Sci., lird ser., vol. xv, p. ''2*11 (21-1), 1818. 

Probahly from the middle heds of the Morrison formation lu’ar Caiwm 
City, Colorado. Characteristic jiortions of tin* skeleioii are known. 'Phis 
form is remarkably hird-llke, and is \ery small, being only alnmt the siw* 
of a fo.v. 


Laosaurus gracilis Mnrsli 

Ijiiomunm i/nu Hui Marsh, Notiee of New Diuosanrian Uepliles. Ainer. 
Journ. Sci., tirdser,, vol. .x\, p. 211 (211), 1878. 

Locality not given. It is know’ii from Como llluir. Kxci'ediiigl.v 
small. . 

Laosaurus censors Marsh 

Laomwm lonm-x Marsh, The 1’y[)ical Orriithojiorla of the Amcri<‘ai» 
Jurassic. Amer. Journ. Sci., 3rd ser., vol. xlviii, p. 85 (Hf), 181M. 

Prom the UForrison of 'Wyoniing, probably from (Vnno Bluff. (Imr- 
acloristic portions of the skeleton are known. 
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Dryosaurus altus AFarsh 

Laosaunis alhta Msirbli, PriiKM'pal (lianictm of Aiiiovioan Jurassic* 
Dinobaiirs. Pi. 1. Amor. Joium. Hoi., Jrcl ser., ^ol. xvi, p. Ill (415), 
J8:s. 

I)njo,sauni^ alfu.^ Marsli, Tlio 1Yl>ioal Oruitliopoda of the American 
Jurassic. Ain<‘r. Joiini. Hoi., 3r(I ser., vol. \lviii, p. 85 (80), 1894. 

From the Morrison formation iu Colorado and Wyoming. Cliaraoter- 
istio portions of the skeleton are known. 

Macelognathus vagans ilarsh 

^ffirploynalhufi vagann Marsli, A "Ncnv Order of E\tiiict Jurassic Pep- 
tiles (Ma(*oh)i>natIia). .Vmor. dourn. Bci., 8rd ser., vol. x^vii, p. 041, 
1881. 

Morriscyi LcmIs of Wyoming, prol)ahly from C^oino Bluff. Known from 
fragnnmtary rcMiiains only. The position of this form is unknown. 
Marsh placed it among the turtles and Flay ])rovisionally placed it among 
the dinosaurs. 

Apatodon minis j\Farsh 

ApafotJon mirui^ Marsh, Notice of Some New Vertebrate Fossils. 
Amor. Journ. Hei., ;lrd ser., \ol. \i\, p. *’M9 (2»’)5), 1817. 

Lower Ch’ctacwus or duraasi<% according to Marsh, no locality being 
given. Piagmcmtary rcnnains only are knowm. I'he fom is probably a 
dinosaur. 

Camptosaunis depressus Gilmore 

(^nmpfosaiiniK dpptrssfuH Oilmore, Ostc*ology of the Jiira‘'-5i(* Ife])tile 
Camptosaunis, with a Revisuai of the Species of the Genus, and Descrip¬ 
tions of Tw'o New Hpeeies. U. S. Nat. Mus., Proe., aoI. x\v\i, p. HG 
im), 1909. 

1'he typo sp(*eimen of this speeies uas diseovered iu the Lakota beds 
near Buffalo (hij), Honili Dakota. A sp(‘t*imen ha.s been found in the 
Morrison formation near (\)mo, Wyoming, wdiieh iirobahly belongs to tliis 
s|XH*ies. Known from the posterior portion of the skeleton. 

Camptosaurus browni Gilmore 

('nwptomurui^ hrofrni <Tilmore, Osteology of the Jurassic Reptile 
Camptosaurus, with a Revision of the Species of the Genus, and Descrip¬ 
tions of Two New Species. FT. S. Nat Mus., Proe., vol. xxxvi, p. 197 
(295), 1909. 

From the Morrison foimation 8 miles east of Como, Wyoming, Known 
from a eonsiderulde portion of the skeleton. 
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Brachyrophus altarkansanus C'opc 

Jh’ailii/roi)lni,‘< (illiiili(ni)^(iiiii'> ('ojic, Dcsc ri|ili(ins ot New M\Uiict \(‘i(<‘- 
|)rat(N from the Cpper Teitmn niid Ihikotii Fomaliuiiv II. S. 
ami Ueoii. Suia. Teir., Bull. No. i\, p. niil (;!!)(!), ISIS. 

Near Canon Cil_\, Colorado, piobalth IVom the upitennosl liedi- <d‘ lli< 
Iformson forinalion. Known from fie\eral \eri(d)i’a'. 

RUYFCnoaOl'II iLU 

Opisthias rarus t3ilmoro 

Oyinthim r<ini,\ (hlinore, A Neu Rlnnelmeeplialian lleplih* from tlu 
Jurassic of Wyoming, wilh Notoh on tlw Fauna of “QiiaiT\ 0.” I'. S. 

Nat. Mus., Proe., vol. .wwii, p. US, liiOi). 

From the irorribon fonnation at ('muo BliilT. Wyoming. Known fnai* 
deutarj' lionos of several individuals. 

CROCOnttAA 

Goniopholis lucasii (Cojie) 

Amphicohjlus ln(asv Cope, Deac'riptions of New Mxtinct Verlelirata 
from the Fpper 'Pertiary and Dakota Fonnation^. TI. S. (Icol. and 
Geog. Snrv. Terr., Bull. No. iv, p. Sit) (Uhl), IS/S. 

Goniopholis hiami Zittol, Tlandlnieh dor Pala'ontologie. 1. .Mitli. 
Pateozoologie. IT I Bd., p. G/l, ISiXI. 

From, the uppermost beds of the Morrison formation near Canon Cil\, 
Colorado. TCnown from veriehia* and skull. 

Goniopholis felix (Marsh) 

rfipJosaurw felix Marsh, Notieo of Home New \'ertelirat(‘ lleplih"-. 

in.'r. doiirn. He!., :iid ser.. Mil. xi\, p. “> 1!) (‘.jri 1), 1817. 

(lonioplmlk felir Zittid, llnndliueh der Pala'ontologie. 1. Ahih. 
Paheozoologie, Til Bd., p. (ili. 

Aecording to Marsh, from the Lower Crelaeeons or Wealdcn of l^ilo 
rado. Probably from the middle beds of the ^torrison forinalion near 
Canon City, Coloiado. This foiin is known from the skull and a few 
veidebrsp. 

Goniopholis gilmorei Holland 

Goniopholis gilmorei Tlolland, A New Crocodile from the .Tnrassie of 
Wyoming. Cam. Mus. Ann., vol. iii, p, 431, 1!)06. 

From the Morrison formation in the Freezeout Hills of Wyoming. 
The skull is knowm. 
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CJiEIMMi 

Oompsemys plicatulus Clopo 
(jS////. (Ili/plops onialns llaisli) 

Coiiipf<emtih plimluliis Oopo, On llcptilian li’emaint. from the Dakota 
Bcdh of Colorado. Amor. Cliilo'.. Sic., l*ioc., voJ. x\ii, p. Dkl (19G), 
181:. 

From the up^iormo'-t liod'^ of the ilornson formation near Canon City, 
Colorado. Known limn a considoralile portion ot the skeleton. 

PTEROSAVRI.i 

Dermodaxitylus montanus Marsh 

Pterodiii lyhix in on I a tins Marsh, New PtorodaeUl from the Jnra&sic of 
the Eockv JJonntains. Amor. -lourn. Sei., 3rd ser., vol. xvi, p. 2.33, 1878. 

Dermodnilijlm tnoninnus klarsh, Note on American Pterodaet\ls. 
Amor. Jonrn. Sci., Drd sor., ^ol. x\i, p. 318,1881. 

From flip Morrison formation in W\ominf;, proliably from Como liliifF. 
Known from varions icniuins of wings, teeth, and vertebrae 

PISCES 

Ceratodiis guntheri lilarsh 

Cemlodus (junthcri JMarsh, New' Species of Ceratodus, from the Juras¬ 
sic, Amor. Jonrn. Sci.. 3rd ser., vol. xv, ji. 1U, 1818. 

“Jurassic of Colorado.” Prolial>l,\ fiom the middle beds ot the Morri¬ 
son formation near Canon Citv, Colorado. Knowm from a left lower 
dental plate. 

Ceratodus robustus Knight 

(U'ritlinltts roliu.-.ltis Knight. Koine New Jiinnssie Tertohrates from Wj- 
oming. Ainer. .Imivii. Sei., -Ith ser., vol. v, p. 180,1898, 

From the Morrison formation in .Mhany County, Wyoming, associated 
W'ith eroeodile and dinosaur iiones. Known from ]>art of a tooth. 

Ceratodus americauus Knight 

Ceratodm a me rim nits Knight, Some New Jnrasaie Vertebrates from 
IVyoming. Amer. Jonrn. Sei., 4fh per., vol. v, p. 186,1898. 

From the Morrison formation in Oarlion County, Wyoming, associated 
W'ith lioncB of a eann\orous dinosaur. Know’n from part of a left inan- 
dihular tooth. 
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Tills faiiiiM 111 ^eiKMiiI ('liarai'tor t<} i(‘iniin‘ low, or at li‘ast 

level aii<l aquatic, conditions. Woodworth (ISDl, 1), iii dis(*iissin^ the 
relations of jienciilanatioii to organic c\ohitioii, statics that the rc])tilos 
and 111 particnlav tlie dinosaurs arc (MirrcIaliMl iii (h*\(doi)nH‘iit with tin* 
growdli of the ])enei>lani. lie makes the following leiiiarks regarding Ihe 
reptilia: 

“hVptilia are elmraeteristie lowland forms. 4'lie\ will endure the eohl 
of high altitudes and latitudes onl\ by falling into a state of torpidit\ 
In the development of the peneplain from the high relief of the Permian, 
and again, at the close of the Jura-Trias, the widening out of flu* lowdaud, 
wdth plains and jungles n(*ar tide-level, followed by (hqiression of tin* land, 
must have highly favored tlie water-loving n‘ptilia. It is to these gt*o- 
graphie eireiimstanees, I think, that we iiiiist look for,an i‘\planalion of 
the remarkable history of this class in l\Iehoz()ie tinu'S.” 

Many of the forms listed above are no douhl synonyms, bid tlu‘ir (h‘t(‘r- 
miiiation is beyond the scope of tlu* pimmt paper. 

AGE OP THE MOHUIHON FORMATION 

The age of the Morrison formation has been the snl)jot‘t of eonsiil(‘ral>le 
discussion in the past. The reports of the early surveys refer io ilu' 
Morrison beds as ^‘Jurassic beds,'** '^jower J")akota’' and other terms signi¬ 
fying various ages. Cope (1<S77, 5; 1878, 8) described typical Morrison 
reptiles as coming from beds of the “Dakota Epoch’’ in (Colorado. 

Cope (1884:, 1) made a faunal comparison of the MnmVon and 
Wealden formations, bnt made no definite stateniont as to their age or 
correlation. Osborn (1888, ‘‘2) compared the mammals of the Morrison 
^y\^h those of the Pnrbeck beds, and <*onsidered the fonmu* to b<‘ of 
Jurassic age. Emmons, Cross and Eldridge (ISOfi, 1) stated tlial from 
the point of view of the stratigrajiher the assignment of tlu* Morrison l>(*d^ 
to the Lower Oretaeeous (CVnuaiudiean) w^as mon^ desirable lhan asNign 
nient to the Upiier Jurassic, 'hiol only beeaiiso it a(‘eorcIs Ix^tlm* with tlie 
sequence of seilimentation thus far iliselosed in tlie adjoining regions of 
Kansas and Texas, ])ut be(*axise it pbu’es the ))liysical break wliose (dT<'(*ts 
are recognized over the whole continent between Ihesi* two givat liim* 
divisions rather than in the midst of one of them.” Mai*sh (18f)(>, 5; 
18i)6, T) vigorously maintained the Jurassic age of tin* Atlanto^aurus 
Beds and correlated them with the Wealden of Europe. Si-ott i I8<n, 5) 
* in his Manual of Geology placed the Morrison or Como iii the Co- 
manehean. Ward (1900, 0) considered the evidence from the cy<*ads 
sufficient to place the formation in the Jurassic. Knight (1900, 3) 
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placed the /ormation in th(‘ u|>])er .liiia^sK*, ))eing closer to the Purheclvian 
than to the Ovrortlian in a^e. Lo^an (IJIOO, 5) correlated tlie Morri'^oii 
of the Preezcont Hills region ^^itll the Wealden of Unglaiul. liiggs 
(1901, t) (leHcnhe<l the Morrison or IMcElmo of the Grand Rjvor Valley 
ay tlnrassie. Loomis 0) noted th(‘ leseinblanco of the iloriisou 

mammalian fanna to the fauna of the Purheck hods of England, and on 
this ground assigned the lormation to the Jurassic. ]Tatch(‘r (190i], 4) 
correlated the lower beds of the l^Iorrison at C’anoii City witli the Sim- 
daiico beds in Wyoming. IJo considered the cveads as pointing to the 
Jurassic age of the deposits, and the dinosaurs as agre(‘ing most closely 
with those of the lliddlc Oi'ditc series of Knrope. Tic concluded tliat 
there is undoubl(Hllv Jurassic represented in the formation, hut that it 
was ({uite piobablo that some of the formation might lie of Lower Gre- 
taoeous ago. Williston (1905, *1) gave strong evideneo from the verte¬ 
brate fauna for Comancheau ago of the Morrison. Lull (1911, 8) dis¬ 
cussed the fauna of ihe xVrundcl formation and considered i1 to be l*o\ver 
Crc'hieooiis or (’^omanelu‘an in age. 

In \iew of th(‘ gieat dilTeienees of opinion concerning the ago of the 
Morrison it is important to review the cvid(Mice at present available on 
this snl)ject. Tlie principal evidenee from the stratigraphic lolations is 
hero siunmarizc'd. 

The youngest tieds upon which the iMorrison rests are the sandstones 
of the ITnkpapa formation in the Black Hill^^ area. (It is possible that 
tlio Exeter sandstone in ffew Mexico may be equivalent in age to the 
ITnkpapa.) Below the Unkpa])a, whicli is tlnn, lies the Sundance for¬ 
mation. Over wide areas the Morrison lies on the Siindanee direefly. 
The Sun<Iam*e, aei'ording to Stanton ( 19(9,), <}), belongs to ihe lower part 
of the njipiT flurassie. T\\v fhirassie s(»n rtdreated, therefoi'e, considu- 
ably before fh(‘ <‘lose of tin* Jurassic ])enod, although it is iiossible that 
post-Sundance beds w(»r(‘ laid down and eroded before the disposition of 
the Morrison. Tlu‘ l\Iorrison over wide an‘as cannot lu* older than 
middle or lat<‘ iippm* Jurassic in age. It is ]»rol)al)le that some of tlie 
lower beds in the southwestern ar(‘as where the Sun(lane<‘ is alisent may 
be slightly older than the o|^h*Ht Morrison lieds whii^h directly overlie the 
Sundance. Tn the Black Ilills aiea there is a time ijiter\al between the 
Sundance and the base of ihe 'Morrison -which is represented by the 
ITnkpapa sandstone. Tliere is often a sharp contact between the Morri¬ 
son and Sundance fonnations in the Wyoming areas. This indicates that 
the Morrison in tlu*se areas may lie considerably younger than the 
Sundance. 

The oldest beds oviwlying the Morrison, ihe age of which is definitely 
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known, nrv iho Wti^liita l)otls lunir (’anon (’in. (’olorinlo < Slanton, 11)05, 
11). Tlio ii|)|)('r ImhLs of tln‘ AhuTi^on at thi^ lotalil\ t-aniiot be lattM- 
than Frebern kslnirn in ai»e, l)Ul niiu lx* iinieli nldc*!’. In Montana 1h(‘ 
Morrison i^ o\(*rIa]ii 1)\ ilie Kootenie rornialion, wliidi eontaiiiH (’o- 
maiK'hoan jdaiit reiiiain.s. Mime of wbieh are re[)reM‘nt(‘(l in tli(' Fatiixeiil 
fonnaiion in Maryland. The Kooteiiie a|)j)aientLy lies eonroimal)l\ on 
tlit‘ iloirison, and it is (iiiite jm»l)able that the i\Iorrison and Kootenie 
are iiot dihlinct for-inatioins hut belong to the same deiiositioii eyele. 
ThLs (iiiostion will be taken ii]) again in eoiisicleriiig the evideiu-e from 
the vertebrate fossils. 

Ill inan\ areas tlie MorriMm is overlain by the (doveily, Lakota, or 
Pnrgatoiie foiinations, which belong, in wliole or in part, to the (V)- 
niaiK'heaii period. In wesiein (‘olorado the ilorrison is o\(‘r]aiii hv tlio 
Dakota sandstone. The contact with the C^verlv and Piirgatoin' is 
often sliarp, hnt there is no evidence of extensive erosion Ixdw'eeii tlie 
tw'«> formations. Krosion to a sliglit extent probaldy did take ])la('(‘, how- 
(wer. As noted by J-i‘e, tlie lelations of the Morrison to jlhe o\erlyiiig 
formations are much closer than lo those lieneath. 

In Texas and adjoining regions, wdiere the Morrison is ahsent, there 
U a great development of Domancliean marine deposits. 'Wlnue ttu‘ 
iMurrison is i)resent in ('oiivsideralile tliielcnos'^, the marine (N)inaiieliean is 
iilisent or is veiy thin. 

Tin* evidence' from th(‘stratigraphic relations indicates, therefore, ll^at 
for the mHlcrn nnw al Imat, the age of the Morrison is Comancliean 
rather than Jnrassii*. 

1'lie evidence from the Horn as to the ag<‘ of the Morrison is not <‘oii- 
cUisi\e, a nnmher r»f species of (*ycads c<un|)rising the entire knowm Dora. 
As not<*d aliOv<*. AVanl pla<*ed the age of these as Jurassic', 1'he llora of 
the o\erlyi7ig formations lias more signillcance and will he c'onsidered in 
oonjiection with tin* discussion of the evid(*nce from the \(‘rl(‘hnit(‘s. 

The invoriehratc* fauna has no \ahn* in d<‘l(‘rmining tlx* ag<* of (he 
formation. ^lost of the genera range* from "Morrison io n‘e(‘iil lime, a 
few' being older. The Rpeci(*s also hau* <*oiisid(*ralile range* and are dilli- 
(ult to detennino aeciirately, ow’ing to ])tx)r^rebt*rvation or hu'k of dis¬ 
til i gn i si i ing eh a ra cters. 

Tin* vertebrate fauna, which is one of the largest and most (*hara('i(*r- 
i'tic verteliratc faunas in any know’ii geological formation, has ori<‘n lM‘en 
Ujipealed to in connection witli the age of the ]\Iorrison. Marsh (IH7S, 
wM referred the Morrison, or Atlantosaurus Beds, he called it, to tin* 
Jurassic on the basis of evidence from tlie reptilian fauna, fhist wdiat 
this evidence consists in \vas never published l»y ^farsli. Ih* t'orri'lntixl 
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the hcdb with tho of Kiimpe, wliicdi ho considored to ho Jurth'^&io 

(18i)5, 1). Ill tliwnissin^ lli(‘ a^o of tin* \V(*al(lcn ho coirolatod it ^vitll 
the Morj ison on the hanis of ihs reptilian faiiiia, and eoji8kliM-(‘(l it, on this 
<‘vi(loiieo, to be *lmmsio. It boenis to tho present Avriter that, so far 
as the r('))tiliaTi fanjias of tho Morrison and Woalflen were eonueiUKMl, 
Marsh was arguinp; iji a eircle. ifarsh (ItSlKi, 7 ; 1<S0(), -1) quoted Seward 
as favorin^i^ the diirabsio age of tlio A\h‘alden oji tlic evidence of its fossil 
plants, and Smith-Woodward as maintaining the Jurassic age of the 
Wealdon on the evidence from the fossil fishes. Marsli also considered 
the Sainopoda of the Potomac beds to he more priiniiivo than those of 
the Morrison, and fioni this judged the ^rorrison to be yonng(‘r than the 
Potomac. 

Ifatcln*!* (11)03, 1) held that the reptilian I'auiia of the Morrison was 
closer to that of the middle flurnssic of Euiope tlian to tlie Woalden. 

Ijidl (11)11, 8), dismissing the rejitilian fauna of the Arundel forma¬ 
tion, said : '■‘'rhe eharaet<‘r of th(‘So dinosaurs, and of the {'toeodilo as well, 
eorrolates the beds whei(‘in lhe\ an* found abHolntcly witli the Morrison 
(UoiTLo) of the AVest. An aeeurale comparison with Kun)[)<‘aii fonua- 
tions is inure diflieiilt, as the faunas haie foAVcn' forms in common. 
Flf*urocivhiii is n*|»orted from the Kiinmeridgiaii as well as from the 
Woalden, Init that from tlie former horizon may readily have been an- 
eestral to the Arundel type, altliough tln‘ European inateriaPis loo frag- 
lueiilary to ailiuil of a just eoniparismi. Of the other dinosaurs, tlie 
allinities se(*m to lu* (*iitii(*ly with AWalden forms, ('a'lunis being found 
therein, while Alhistturu,^ emiipares in point of size and dentition with 
the Wealdi'ii Me<it(h).\a}iniH. Dnjfmunia has its nearest hhiro])eaii ally 
in Ifj/p}iifof)lN)i[on, again a Woalden type, and Ihe erocodilo, (touiopholl^. 
is n‘])orti‘d fnmi ihe AVeald(‘n and its marine e([iiivaloni, llie Piirlieckian, 
not from tin* older Jnrassie le\(*ls. 

'"Tlu* W(*ighl of Ihis evideiin* would seem lo plaeo this fauna beyond 
the rliirassie into (lu‘ l)(‘ginuing of (hvlaceoiis times.'’ 

3'he most ('omph'ii* ('omparisoii between tlu* .Morrison and eorres])ond- 
ing vertebrate faunas has lieen made hy AVillislon (ln05, 1), and tho 
following is evtraeteil fromthis paper: 

''OeliomuiUH huipm Ow(‘n is from the Oieat Oolit(\ or Aliddle dura; 

i/hfmploneuais Phillips, imjierfeetlv known, is from*tho same hoiizon ; 
whih^ brevis Owt*n, also imperfectly known, is from tlu* AV(‘ahlen, ])ut 
is referred hy Seeley to Ornifliopsiis. by Lydekker to 2fonmurtii<. Orni- 
ihopsis Soeley is from the AVoalden; 0. liumerovmfotu*^ Ilulke, from the 
Kiunneridgt*. Other nm*ertain fornus are from tho Woalden of England. 
Ttlantmurfh^ is lelVrivd by Lydekker lo ])rohaldo P])per Greonsand. 
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JfoiiiaiDs ol tli(‘ SauroiKKla are spoken of ‘frccpicnt' in the WoaldiMi, 
’^Unle Jrojn tlie ^Middle Jura onh a [e\N are known, and all tluM* aiv of 
one, or at most two. ‘-peeies. 1 cerlainh cannot see what oMdencc* lliose 
f(nins present that would lead on(‘ to k\} that the Ainorican lot ins aw 
. leaih dtiraasie. The range of this sulioider, so far as is known, is from 
the ifiddle Jiirassie to the Upper (Vetaecons, thoiigli there ina} he doiild 
as to the real age of the Indian form. Their known geographic distrihn- 
tion is Europe, Tn<lia, Ifadagasear, Africa, South and "NTorth zVinorica— 
that is, o^er the wdiole world. The generalized characters ])resented liy 
them arc not at all snlficioiitly w'cll understood to say off-hand thai (-ertain 
forms are older than others. . . . 

'Tt is quite true that the Brachiobanridie of Riggs {Ilmcliwsauvws 
Eiggs and Hciplocanthosaiirm Hatcher) have n more generalized structure 
in this respect than has (Jetiosaurna even, hut we have no ri^ason to 
assume that all the generalized forms died out with the advent of sfXK-ial- 
ized ones, sneli as are most of the American Raiiropoda. ‘N'or do I think 
it (jnite certain that the Brachiosaurida^ are the most generalized, cer¬ 
tainly not if the hvqDothcsis that the Sanropoda have been dorivi'd from 
jiriinitive orniihopoda is at all probable. Furthermore, tlic genus Pteuro- 
twins, originally deserihocl from the Potomac hods, has been recognized in 
the Atlaatosaiirus lieds by Marsh, and later by ITatchcw, and forms from 
the Wealdeii have been rofeiTed, provisionally at least, to the same gimiis. 

‘‘For the most ])art. the carnivorous dinosaurs ]m\e little value in llie 
correlation of the horizons. Me(/alomiirus is reported from Kiirope from 
the Lias to the \Yonldcn. In America w^o have throe or four genera of 
the Megalosauridjo in the Atlantosanrns beds, Croosaunis, AlUmurus, 
Anlrotlesmiis, and Ccrutosaums, and Ihc family surviviMl to the Ijaramie 
(hvtaceous, fWi/n/x was deserihed from the Atlantosaunis IumN, lail is 
known to occur in the Potomac beds, lii the Wealden of England 
Arisiofinchiis is very closely allied, indeed is supposed to he id(Mili<*al, and 
all the otlior genera reforred to the Ckeluridte are from the VVeahlcm. 
In the extensive hollowmcss of th(‘ hones of the skeleton, (Iwlurus is not 
only the most specialized of dinosaius, but of all \ortel)ra1e animals. 
The evidence then to be derived from the Theropoda is foi* ili(‘ ('(m- 
tem[)oranoit>^ of the Wealden wdth the xUlantosaurus lads. 

far from tlie evidence of the Tguanodontia lieing against tliis 
correlation, 1 believe that it is decidedly for the identity of the tw^o 
horizons. Tguanodonts are found in abundance in the Atlantosaunis 
beds, and of the largest size and high specialization. . . . And, so 
far from the American forms being the most generalized, Lydekkiw says 
that Ei/psilophothw is ihe smallest and least specialized iueml)(‘r of tiie 
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family!’ IVrha])^ tins opinion ih not flecisive, but Tlypsilopliodon cer¬ 
tainly cannot be called the most specialized. Lydeklvcr even refers cer¬ 
tain Kiiumeri<lge and Wealden species to the Aineri<*an genus Uamplo- 

“Perhaps the best evjdinice we have l*or the Jurassit' age of tlie Aineri- 
caii deposits is that of Hleyomunifi, which is so closely allied to Omo- 
snurus Owen I'rom the Xiinmeridge that Marsli believed the two genera 
to be identical. On the otlior hand, this type of the prcMlentate dinosaurs 
seems to range from the Lower Lias in Scelidosaurus to Paleoscincus 
from the Laraiuic', with four or ii\e genera referred to the group from 
the Wealdoii. Its value^ then, is sliglit. 

“Other evidencM' olfeied by the re 2 )tiles from the American beds 'u-> 
alight. A genus of crocodiles called by Marsh Dipl(miuu>^ seems to 
include Ilyposaurus vebhii Cope from the Comanche Cretaceous of 
Kansas. Years ago Zittol referred both of these foiiiis t<» the genus 
(hriiopkolifi from evideiK-e communicated by Professor Marsh, and 
(JoniophoUa is said to be ‘a genus ^erv cliaractoristic of the Wealden’ 
(liydekkcr). Thu recently published figure of tlie type specimen of 
Diplosaiirm, when compared with figures of Goniopholis, shows a start¬ 
ling resemblance, indeed, so far as I can learn, there are no brevirostral 
crocodiles known from below the Purbeck or lithographic slates. The 
evidence, then, of the crocodiles is decidedly for the uppermost Jurassic 
or Wealden ago of the xVmorican bods. 

‘'Of the Cliolonia the single species Oompsemys plicalulus Copo 
{Uliitops onialus Marsh) is not at all decisive. If the species is correctly 
referred to (Jompsemijs, all its related forms are of Cretaceous age. 
Nor is there any evidence to be olilained from the pterosaurs or birds. 
Of the mammals I will not venture to speak, save that I think that there 
are too few forms known from the Wealden to offer any basis of compari¬ 
son. Of Die lislies a few speeios of Cemlodu^ only ore known, and inas¬ 
much as this genus is supposed to range from the Trias to tlu* present 
time, those speei(‘s have no (correlating value whatiwer, 

“To bum u]>: there is no valid vertebrate evidoiu^o ixnnting to an ag<* 
greater than the Purbeck for the Atbuitosaurns bods, and l)ui very little 
for a greater age than that of the Wealden. 

Unfortunately, in most of tlio discussions hitherto the Atlantosaurus 
lieds ha^e been considered as some brief epoch. The faunas of the upper 
and lowei’ jiarts hav<' never beem differentiated, sa\(' in some exceptional 
cases. Marsh, indeed, rarely ever gave any precise location for his l)Tpe 
specimens, referring them simply to Wyoming, Colorado, etc. The term 
T.Tpper Jurassic*’ has been applied indiscriminately to the whole fauna* 
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. . . Hatclu^r -^as the i\r^t to (lisliiictly j)oiiit out ibni the iii)perm()st 
part o£ tlie Ijods ini.iilit include a pari of tin* lJ 0 ^v(‘r (h’(‘1aet*(»ns. . . . 

am '«>1rojii»l\ uT ihe opijihai that tlH*KS(‘ (lei)osihs, howIhtc*, so I'ar 
at? known. .1 thi(*lvn(*ss of oOO r(‘all\ n‘j)n‘S(‘iit \anous 

opuelis IJdhveon the rhirassie and the Ppper (h-eiaccoua, and Unit sooinn* 
or later w shall lia\e e\idenee to dislin.i'uish tli(‘ later from tlie earlim* 
faunas. . . . 

“Tlie upper part of the Atlaiitosaurus beds is, it seems to ims iiulis- 
pntabl}’ Ch*etaceous; the lowermost part is proliably not older than the 
'Wealden, tliongh possibly of Purbeekian ago. 1 therefore strongly pro¬ 
test against the eoimnoii usage of referring all the fossils from ih(\se ])(‘(ls 
10 the upper Jura. Thitil more is knowm of the diltenml faunas eon- 
lained in it, the only proper designation for Ihe eomimsiie faunas in¬ 
cluded in them is Jiira-rretaeeous: this assumes that the \Vi‘al(len is 
really durassie.'' 

A saui’opodan coracoid was discovered by Larkin (IhlO, 2) in Llie 
Trinity formation in Oklahoma. There is no Morrison jiresont at Ihis 
locality, but it is possible that the hone had been Transported soim* 
distanee. 

Berry (1911, 7) has diRcusse<l the thiw divisions of tlie Ihitoiruu’ for¬ 
mation and their floras at soiin* length, and has slunvn that the floras of 
the Patuxent and Arundel beds, wliieh have nnuiy forms m eounuon, au* 
closely allied to the liora of the Kooteuic formation. “’’Pin* Iavo floras 
[Patuxcnt-Arundel and Kootenie] have a great many (demmiis in eom- 
mon, and upon the basis of the floras alone the ('Oiiclusion wonld 1 h‘ 
reached that the base of the Ivootonic was approxiinatidy tlu‘ saim* ag(‘ 
or slightly older than the liase of the Patuxent.'" The Patuviml forma¬ 
tion, how'cver, whidi eoiitains a larger flora than the Ariindid, li(‘s below 
tlie Arundel, which eontains the Morrison fauna. In Ihe wt‘s( this (con¬ 
dition is reversed; the Kooteiiie, vdiieh contains a flora vm*y closidv allied 
to that of the Patuxeiit-Anindcl series, lies above tlK‘ MoVrisoii with ils 
fauna. This relation is shown by the following diagram: 

Anmdel (plnnts and bonoR, Kootenie* (piflnts) 

mzA 


l*atnxent (planted Morrison (bones) 

'I’lie eoiK-Iusicm weuis to liu that the Kootouie and Morrifion au* |)nU'li- 
cally the same thing, and that the Patuxent and Arundel arc very closely 
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r(*lat(*(L I>(Mn tlio c-orrolntion of AIoriisoii-Koolenio to^^olher ap- 

proAiiiuiiolv tho l*atiL\(‘n{-Arumlol. 

L(h* (UHTt, "1) linh romitly ^*iv(Ma siron^ dinstropliic* i‘\i(leiicc‘ for Iho 
(V)]uan(‘li(‘nii a^(‘ of tli(‘ formation. 

'riu‘ (‘vi(li‘iu‘(‘ for (^)iuanohoan ago of ilio llonM\oii scorns iniirli atroi\aer 
tluiii that for Jurahsio ago. Th(d iiitm'val bctwoon tlu3 Sinulanee and the 
Washita is a long one, and tlio iforrisoii may not occupy the whole of it, 
but only Ibo u[)por porlion. It is piobal>lo tliat the l\[orrisoa is hot of 
oxactly tho same ago tbronglioiit tho whole area of its ocourrcucc, and it 
is \ory imin'obablo that evor\ iiarticular hod in a given locality ncces^al•iIy 
lias a corroS])ondiiig l)od in s(un(‘ other locality. The Aforrison is ihe 
prodiud of a slow accuiiuilation ])rocONS, and thorohno may fill a t-ou- 
sid(‘ialil(‘ pari of tho interval ludwoen tho SiindaiK'e and AVasluta. Tho 
most prohahlo condition is that tho greater part (d* the TMorrison is 
(Vnnan('h(‘an in ago, with flnrassic inomhors in its low'or pohion in some 
aroavS. It is possihh* also that in tho soiiihvvo,stern areas tho base of the 
Morrison is miu'li low’or than in the (‘astern annis, and may include t-on- 
sid(‘rablo Jurassic-. 

ORKilN AND INTMUPRKTATIOX OF TTIF MOllRISOX 
FOIJMATIOX 

SlWIMVIlV OF (hunA(TKUS 

In tlio pivcoding pages many facts regarding tlie Morrison formation 
liavo boon recorded. A mimlxn* of these w’hicU may lmv(‘ a liearing on 
the (piestion of the origin and geologic signilicanee of the Aforrison are 
hero briotly snnimnriz(‘d: 

1). Tho Mon ison has a V(‘ry wide distrilintion. As noted in tlie snin- 
inary of tho stratigraphic* relations of the formation, the area which is 
noAv underlain by the Morrison ])robably covers several hundred thousand 
scpiai'c miles, and its original arc'a, lioforo lieing c‘xposed to tlio extonsivo 
erosion wlii<-h o(*<'iirr(‘d in th(‘ Hoc-ky Mountain n‘gioTi at the end oX Cre¬ 
taceous times iM’obably anionnic‘d to four or five InindrcMl thousand sqnare 
miles ami perhaps nioiv. 

‘2). Consid(‘ring tin* vast arc‘H occupied by the fomatioji, it is very 
thin. The greatest thickness reported is sometln'ng like 900 feet, but it 
is usually very much loss than that. 

3). Tlio thic-knoss is variaWe over large nri‘as, and to a lesser extent 
in small areas. In the 8onthw(‘stoni areas tlie thickness varies from 400 
to 900 feet; in the northwestern areas the actual thickness and variation 
are both som(‘wdiat less; in th(‘ eastern and qentral Wyoming areas the 
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thickuuss i& iibuaih about ‘300 Ici't, but in wiiiu* caw's it is aa tiigli as .U)0 
or as low as 150 i'eet; in tlio Black Hills area the tliickucss is never more 
than 200 feet, and ranges from that down to zero, averaging alxnit 100 
feet; in the southeastern Colorado and New Mexico areas the tliickness 
varies from 400 to SOO feet. It will he seen from this that wliile there 
is a'considerable variation in individual areas, the IhicLness is much 
greuter in the western areas than in the eastern, and that there is a 
thinning out eastward, which is uenj gradual considering the distances 
involved. 

4) . The size of grain of the sediments varies to a considerable extent. 
Mne-grained material is the most abundant; a considerable amount of 
medium-grained material i^ present, with a smaller amount of coarse¬ 
grained rock. A\'r\ coarse sediment does not appear to be present. 
Coarse material is more abundant in the westeni than in the eastern 
areas. 

5) . The succession of beds varies greatly from point to point, bni the 
kind of succession is practically the same in every locality. Fine joint- 
clays or grits usually make up the greater part of the outcrops, cspci'ially 
toward the top. Sandstone and nodule layers are usually present at 
intervals in the section, and often thin limestones or occasionally con¬ 
glomerate beds. These various members are found to be arranged in a 
certain order in one locality, and in another locality not far away the 
succession will be ditfeieui. Sandstone beds that are thick in the (imt 
section may be thin or absent in the second. Lhnestono bods present in 
a certain position in the first section may be in another jiosition in the 
si-cond section, or absent altogether. On studying ihe various seciions 
of the fonnation a constant thinning and thickening or replaceineni of 
individual members is to be seen. An examination of the seciions in 
the sti'atigraphic division of this paper will emphasize tlu' ]irevalence of 
the conditions above described. This tyjie of succession in nnmy sections 
has been described by Lee as “unifonnly variable.” 

6) . The contacts of the various membei-s with each other is usually 
sharp, showing rather rapid changes of conditions of deposition. Boil's 
of fine grits or clays are often followed directly by liods of medinin- 
grainod sandstone and vice versa. 

;), Channeling is often present, certain layers lying in troughs eroded 
in the underlying beds. This has been discussed in the section on 
structures. 

8). Cross-bedding is common in the Morrison, Both the stn'am and 
wind ty 7 )es have beem oliseived. 
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The priiieipal mineral iugje<lient in the Morrison seduiients i.s 
quartz. Other materials usually or often present are caleitO; kaolin, iron 
oxides, mixed carbonates, gjp&imi and feldspar. Mica and volcanic ash 
are i)re&ent in very small amounts. 

10) . The larger quartz grains are usual!} well roiuided; the smaller 
ones are often angular. 

11) . The iron oxides usually occur as interstitial material between fine 
quartz grams, and si^jnetimes as a staining of line-grained liinding matter. 
Tn some cases it is uniformly distributed, and in other (-ascb it is scattered 
in patches. 

r^). The lime'stoiios are thin, often vert ])ure calcjtc or dolomite, and 
consist almost entirely of very fine-grained material. They are bome- 
tinu'h argillaceous and sandy. 

lr‘5). The sandstones are often nearly pure quartz; when fine-grained 
they bometimes liave interstitial materials of iron oxides, kaolin and 
mixed earbonatos; when coarse they are often extremely calcareous, and 
sometimes arkosic. 

IJ). The arkosie sandstones usually occur near the base of the forma¬ 
tion. lliey are oc(*asionally found in the middle beds, and are rare near 
the top. 

10) . The color of the rocks of the fonnation varies great!}, ofhm iii 
sliort distances, so that the formation was formerly called t!ie ^^\hiriegated 
r>eds.” Tin’s variegated character is sometimes present in a hand spoci- 
nien. There is often a pronounced color banding in the rormation. 

Gray and purplish red are the usual colors, but green, xvhite, blue, 
}e!Iow and black are also often present, and all these coloib grade into 
cacli otlier in a complex fashion. 

!()). I'lie coaj‘st' sandstoneb are usually gray or white. TJie finer clays 
and grits may lie eitlier groim, gra}, white, Idue, red or dark brown. The 
green clays are often linm* tlian the red or biwn grits. 

11) . The ilora of the formation is of such a nature as to indicate a 
warm and moist climah* at tlie time of deposition, iu some areas at least. 
I^his ilora is not ixsp(»cially ahundant, however. 

liS). Tlu' inuudel rat(' fauna consists of frcsh-waler types. They be¬ 
long to genera having a wide geologic range. 

U)). 'llie vertebrate fauna is com))OH»d of aquatic, ampliibious, ter- 
restiual and aeiial forms. The fish were aquatic, of course. The habitat 
of the sauropod dinosaurs has been the subject of controversy; some 
writers liave held that they were exclusive!} terrestrial, otliers that they 
were exclusively aquatic, and still others that they were amphibious. The 
latter theory seems tlie mo^^t proliabh^. They certainly possess aquatic 
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a(l!i]>tatu)ii!'. Imt tlu\\ alwi ^l()^^•eh^ a(laptiiLioui> lor walking ou Uuicl, iu 
some- l(imi!« at loabt. Tlio (.-roi-otliles wore amphiliious and iji'olaibly llio 
turtles a" well. 'I'lic tliero[) 0 (l and pi-edentate diiiosauva Avero terrobtrial, 
and prolialil.A tin- inaiiiinalb as A\ell. Ko marine \ortcbialeb liavo been 
lound in beds vliieli liaAc* been delinitely identilied ah JSilorrison. 

•liT). The akeletoiih of the larfje dinohaurs often indieate, to a eertain 
e.xteiit, liy tlieir preheTAation, home of the pliysieal proeos'ioa eonneeted 
Aiitli tlieir burial. In home cahes, of aaIiIcIi the Jtono t'aliin t^uai-rv near 
!Medieino I3 oaa', Wumiing, ih an example, tbe bones of manv individuals 
and hpeei(*s are found mi.xed up in an intiieate manner, so llial iii\\tliiuft 
like a complete skeleton is rare. In other eases eomplete or nearly eom- 
plett‘ skeletons are found in position. In still other ea.ses a skiduton Avill 
be found eomplete up to a certain point and then end suddenly, Avith not 
a bone to be found beyond in any direciioii. 

The uii\ed-up bones indieate tlial they Avere f>atbered to^idlior from 
tlieir original resting-plaees liy enrrent aetiiai, in a restrioled area, siieli 
as one indiA'idual stream. The eomjilete skeletons indieate swift Imrial 
ill relatiAely ipiiet Avateis or by wind ac-tion. The jiartial skeletons point 
toAA’ard erosion of the beds they wore deposited AA’ith, after their burial. 

21) . The Moirisiai is more (-losely related to the overlying tiiaii to the 
underlying formations. 

22) . The eontaet with the oA'orlying hods is sharp in ]ihiecs, and indi¬ 
cates a change of de])ositionn! conditions. T’here may hav'c beim a small 
amount of erosion of Morrison lieda prior to the deposiiion of the over¬ 
lying lieds in jdaees, but if so it Avas probably slight. 

2;!). In Texas, Avliere tin* ^lorrison is absent, its jilaee in llie strali- 
graphii' eohuim is oei-npied by gi-eat lliieknessi's of marine Comaiiehean 
beds. 

24). Ill the noith the .Morrison is overlain eonformably by the Koo- 
teiiie formation. The Kootenie is similar in eluiracter to the .Morrisoii, 
and part of it, at least, may belong to the Morrison. Ihie llora of the 
Kootenie and Potomac formations have a bearing on this ijuistioii, Avtiieli 
has been discussed in the section on the age of the llorrisou. 

2.5). 'Die formation lies on beds of various ages, from Ai-ehean to 
npjier .lurassie. 

2ti). There is a AA-idesjircad erosion plane lieneath llie lilorrisou over 
most of its area. Tin* relation to the Sundance Avill he diseiissed later. 

21). The formation is present in isolated areas in the Koeky Moun- 
tnin-i in Colorado, about midway bet\A'een the eastern and western Colo¬ 
rado areas. 
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llKST01i\ OK IMiKMOIH OriiJIONS AS TO TILE OJUOIK OK TliJil FoliAIATlON 

The of the Morrison ronnalioii lias been the subject of eonskler- 
abJe attention in tin* [last. fSome of the Jiiore iinportnut diseiissions are 
noted at this point. IMieir merits will be diseussod later. 

C. A. \Vhii(» (l.S<S{), “i) ill diseiissin^^ the Slorrison and its invertebrate 
I'auna eauie to 1bi‘ folbmina; eoiudusions: ‘‘Tlie eliaraeter of the strata in 
whieh these fresh-water durassie iWils t\ere found, liotli at the (^olorado 
and at tlie Wyoming loealili(‘s, in addition to the eliaraeter of the fossils 
tlienisel\es, is sueh as to iudieate for them a laeiistrine, and not an 
estuary or a Iluviatile, oiigin; that is, the reeks ar(» regiilarl\ '^Iratified 
and ]iav<‘ siieli an asp(‘et and eliaraeter as to iudieate that they were 
deposited in one or more larg(‘ hodies of water. If the strata of the 
(k)lorado ami of tin* WAoming loealitios really eontain an idoiiti(*al fauna, 
it may he I’egarded as jirohahle that they w'cre deposited in one and the 
same lnk<‘. The distaiiei' between the (Colorado and the AVi^oming loeali- 
ties iiidieales tliai lh(‘ supposed lake was nearly 'liOO miles iieross; and, 
if tli(* UliK-k Hills fossils also belonged to the same euntoinjiovaneons 
fauna, the assumed lake was luueh larger.” 

liiggs (liHil, 1) described the Morrison of the Grand Eiver Valley, 
and gave aji iuter[)retation of the history of deposition as follows: ‘'i.et 
us attempt to irae(‘ th(‘ history of the flurassie formation as evideneed by 
the iiatun* of the rocks, the stratigraphy and the oi'eiirreiieo of fossils: 
(ri\en an arm of tin* Jiirassie sea, fed by rivers and open to the ebb and 
tlow of tide Walters. Under these eouditions the sediments washed down 
by tlie ri\er (‘verywliere aiTumuIateil slowdy, and alternating wdtli them 
thin bulges of limeston(‘ and gypsum Avero laid d<»wn. Oeeasional strata 
of sand ae(-umulated by the aelioti of the retanhul eiinimts about the 
estuaries of streams. Laler, by some ehango in levels, the ingress of 
seawater was eut off, hut 1Iu‘ ouihd still remained and so ensued the 
gradual (diaiige from salt to frdsh w'ater. Then followed a ]>eriod of 
comparatively iiniiitei riipt(‘d deposition in which the grocui shale was laid 
dowoi under still water. Along Avith it Avero deposited near the moutlis 
of streams the (Kuuisioual liomogeiieous beds of green sand. As tlie basin 
lilled up and its outlet deepeJied, the lake became elialloAvor until its bed 
was invaded by the shifting ehauncls of broad and shallow streams. Its 
sand-bars have formed the cross-bedded sandstone ledges wdiicli mark the 
transition from the lower to the upper clays. With the shallower waters 
<'ame the great land and shore reptiles and about the estuaries of streams 
their remains vv(*re <leposited abundantly. 

'^Again the lak(‘ waters invaded the region and tlie deposition of sand 
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m this localitN was cut off. The period following was one of gucah’r 
changes and prohal)!} of slower deposition than tliat ijwodjug tlit' rivc'r 
period. The pivseiieo of Jiue reeds or scilges slious that the water was 
shallow, at least in plates, and parts of skeletons found on irregular sur¬ 
faces imbedded in these reedj cla\s suggest mud-bai-s or islands, on 
whidli they ha\e stinnded. In one instance part of a skeleton found 
imbedded in a stratum of blue claj which thinned out and was rejilaced 
bj sandstone with pcbliles at the base, indicates that the c-areass was 
buried in a mud-bank bordering a stream or water-current. M’lie inter¬ 
ruption of the veidobral column and the displacement of the ribs in one 
direction show that the stream was sufficicut to carry away tlie missing 
paii: of the skeleton. 

“The tendcnc} toward a more slialy nature and the jirescnco of car¬ 
bonaceous matter m tlie ujipur measures indicate the return of shallows 
and the greater abundance of vegetable matter. This condition evidently 
culminated in the great inliux of sand laden with deciduous h'aves which 
marks the period represented by the Dakota sandstone.” 

Loomis (1901, 6) discussed the Monison in the I'oino JUuff region. 
He referred to the beds as “non-marine Jura,” and later in the same 
paper stated that the shore lino, which was about 30 miles south of Como 
Bluff during Shirley or Sundance time, moved 100 miles to the soutli at 
the beginning of Como or Morrison time, and that the deposits wen' then 
laid down in shalloiv water; also that “the Ixmcs [of dinosaurs] an' 
clearly floated out to sea l>y the presence of consideralile meat on them.” 
'I'liere is thus an clement of contiudietion in Loomis’s interprelation. 

Hatcher (1903, 4) discussed the origin of the Morrison at some length. 
As his conclusions an> closer to those of the present writer than those of 
any of the other workers raontioned, the imjiorlunt pavis of his discus¬ 
sion will 1)0 quot(‘(l at this point 

“1 can fulh agree with Dr. ITliite as to the necessity of assuming tlu' 
e-visti'iice in Jurassic times of ii continental laud-mass of Ihe dinii'iisions 
intimated in liis paper. But it <1(h>s not seem to mo at all necessary to 
presuppose the existeiieo of a Jurassic lake of e\eu the smaller or mon* 
moderate dimensions assigned by him. While I do not wish to he under¬ 
stood as denying the ]io8Sibility of Hie existence of a great lake in J uvassic 
times e.^tending as Dr. Mliite has suggested from tlie Arkansas Eiver 
in Colorado to the Black Hills of South Dakota, it does appear to me that 
our present knowledge of the character of the faunas, both tori'ostrial and 
atiuatic (fresh-water) as well as of the lithologic and stratigraphic fea¬ 
tures exhibited by the lieds themselves is decidedly against such a pre¬ 
sumption. If I properly understand Dr. White he finds nothing in tho 
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c'liaracter (»f the* aquatic inolhisc'a t(» prccliulo the pos?>ibility of their ha\- 
ing livcfl and dovelopod in sniallcr Jakes. After a ])orsoTial oxaTiiination 
of the localities at (Jroen Ei\or, Utah, at Grand Ei\er in western Golo- 
raclo, Canon City and Morrison in eastern Colorado, Como and Sheep 
Creek in southern Wyoming, at the Spanish IVIines in eastern Wyoming, 
along the Bighorn Mountains in central Wyoming, aliont the Black ilills 
in Sontli Dakota and in tlie coinitry^ near Billings in sonthern Montana, 
in all of which localities the Atla}itosa9U*u^ beds are exposed and exhibit 
111 more or less ahniidanco, the remams of those dinosaurs which are 
characteristic of them, I am convinced that neither the character of the 
vertebrate fauna nor the facts of stratigraphy at any one of these ])laces 
can be taken as affording anything like conclusive evidence of the presence 
of a great body of winter. At several of these localities, however, the oc¬ 
curence at intervals of sandstones showing frequent examples of crohs- 
hedding, ri])p]e-iiiaiks and even occasionally exhiJiiting footprints is con¬ 
clusive ])roof that such sandstones had not their origin in the midst of a 
great lake, while the ])resenee almost e\erywdiere of the remains of terres¬ 
trial reptiles and less frequently of mammals tells only too plainly of an 
adjacent land-mass. In all this region T know of no locality w^here any 
considerable extent of the Atlnutosaurus beds occurs, in which remains of 
quadrupedal, terrestrial dinosaurs have not been fomid, ... An 
hjT^othesis, wdiich it appears to me is far more reasonable and more nearly 
in accordance with the facts as wc now know them, is to consider this 
region as presenting in late durassic and early Cretaceous times the ap¬ 
pearance of a low' and comparatively ]e\el plain, with numerous lakes, 
both large and small, connected hy an interlacing system of river chan¬ 
nels.’^ 

Glianiheiiin and Salisbury (lIMi;, I) assign a Hu\iaiile origin lo the 
Morrison formation. 

Lee (19ir>, ^>) (‘onsideis llio Morrison to b(‘ largely fluviatile in origin. 

Dtscussiox OF PuKvions Tn ROBIES OF THE Origin of the Formatton* 

Tbo theory^ of dc])osition of the Morrison in a great lake, as advanced 
by 0. A. While, does not seem to he supported hy evidence now available. 
The following list of characteristics of beds of lacustrine origin has been 
given by Johnson (1903, 8) : 

1) , Ifo groat variations in texture and composition in vertical section. 

2) . No beds of conglomerate. 

3) . No marked and sndden variations in respect to the thickness and 
areal extent of the component beds. 
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4). Foav uucoiifnniiitios of oroM'on. 

r>). No oxtoiisi\o oro.ss-l)0(l<linn: jit aiii^los. 

C\), A lacuNtrino ratiiov tlian a laiul fauna or Hora. 

The Morrison fh'paris widely from cxerx one of these six cliaracteristi(*s 
except the last. Tlie fauna miglit be (considered lacustrine in part, but 
some of it, if not most of ii, is strietlv terivstrial, and much of th(‘ a(iuatie 
element ma}' he tiu\ iatilo as well as lacustrine. 

The series of e\ents oi\('n by Pii^^s mi.i>ht fit very well a restricted'area 
of the Iforrisoii deposits. The Slorrison ivS an extremely widea])rca<l for¬ 
mation, liowex(‘r, and tliis fact must l)e continually k('pt in mind in clis- 
eussin^f its ori,!:»‘in. Tlnnv d()(\s not appc'ar to bo any evideiu*e suflieiont 
for ooncludiiii’' that the lower hods of tli(‘ Morrison are marine, and d(‘po- 
aition in (‘stiiari(‘s is Jiot in a<c(*ord with tlie \ast distrilmtion of the for¬ 
mation. 

There is abundant evidence for alternatmij; lake and river eondiiious 
in restricted areas, howexer, and no doubt such conditions xvere ('oinmon. 

The statement l)y Loomis tliat the dinosaur hones had floated ont to 
sea by means of meat on them is not sup|)ort(‘(l by the knoxvn fa(ts, as 
there is no evidence whatever of marine conditions in the Morrison for¬ 
mation itself. 

Hatcher's theory of a low level plain, with lak(‘s and intorlaidufr 
streams, llts tlu' (»bserx(‘(l conditions nnndi lietttMX The interpndation 
given in the presold papm* \> in some senses an amplifi(*iition of this id(‘a. 

PuKLIAnXAUY STATiainVT OF PliHSFXT JXTKUPIIKT VTION 

* To the present writer the luxst (‘Xplanaiion of the origin of tln‘ Morri¬ 
son formalion appoarKS to ])e tliai of a number of larg(‘ stn'anis issuing 
from a moimtaiiious ar(‘a and twossing a vmy l)road flat plain. Sm*b 
streams xxxmld deposit miieh of their loads on their tlood-]dains in ihe 
forms of xeiy flat alluxial fans. Deposition by distributaries, aideil by 
tributaries and leoliaii action, xxxudd hMul to unite tlies(‘ fans into a broad 
alhixdal plain. The main streams and tributaries eoJise<iuent on tin' plain 
xx'oiild gradually extend such alluvial deposits oxer a very broad anva. In 
local basins betxx-ecn the ])rincipal stream areas and in abandom'd stream 
valleys lakes would imobably fonii locally. In these lakes fme stxliments 
x\*oultl be deposited, with sauclstoiies around the margins, J<]f)lian de¬ 
posits xxxmld prohably form to a certain extent Ixdxxvim the main stream 
areas also. 

fllie presence of a Comaiu*hean sea in Texas and other areas oast of the 
Morrison area, shown by the presence of marine sediments, indicates that 
part of the Morrison may be a true delta formation. 
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Witli conditioiih Mich hm tlioM* above outliiKMl kc|)t in iniiid as a woik- 
in^L!: liypothcsis, it is dosimble io consider tlie ('liaracteri4i(‘> of lariic 
alluvial fans and river llood-plains of recent and Pleistocene orii^in. 

CuAiucTinnsTK’s ov Ui^CKXT Allcvial Plains 

Davis (18i)8, (>) describes the fan of the Hoanglio Piver in Hiina as 
follows: ^^Ono of tlie laruest alluvial fans in the world is that of the 
Iloanglio, in eastern (liina. This great ri\(n\ l)(‘aring a luwy load of 
fine silt from the basins among tlie inner mountains, issues from its 
inclosed valley doo miles inland from the jnvsent shore-liin*, and at a 
height of aliont 100 feet al)o\e sea-le\(‘l, and then Hows to tin* mcii down 
the gentle slope of its exi(‘nsive fan/’ The fan is fertih* and is subject 
to overtltiw <ui a vast s('alc. A single flood in ISSi (*o\erod o(),000 stjuarc 
ViilcH and drowned at least 1,000,000 peopli*. The eemrse (d‘ the river 
and its tributaries is constantly shifting. 

The fan of the Yangts(‘-Kiang li<*s immediately south of that of the 
Iloangho and is more or less conne(*t(*d with it. The large rivers leave 
the mountains in valhws which n'somhlc estuaries in their form and rela¬ 
tion to the mountains. The moxintains may Ik* c(»iuparod to the land and 
the ])lains and valley to the sea and estuary. The great ri\ers are l>or- 
dered on either side h) lakiss, swamps and otlier streams, which often 
connect with each other in an hitricato manner. The lakes \ary in size 
from small ponds to largo lakes oO miles or so in length.^ They are 
usually situated in tracts along tin* liorders of the large ri\(‘rs, but are 
sometimes situated far from tlu* latter. They extend from the mountains 
to tin* delta and arc not esp< cially characteristiu of any one region. These 
features are W(*ll sliown on the Oerniaii goNernmeiitV land snrMy maps of 
eestein (Miina ( UMKl, J), 10; 1001, 0, It), 11). 

Orabaii (1011, (i) d(‘S(Tib(‘s Ihe dry delta of (^)oper (hvek as extendiiig 
o\er an area of 185 x WO miles. Oraban describes ihe groat alluvial 
plain of the ln{l()-<}ang<*li(* region as follows: 

‘‘The lii(lo-(}angcti<‘ alluvial plain is an example of a ri\er plain 
formed of many ('onlluent dry deltas ajnl (‘arrital forward by the two 
gr(*at ri^ers of northern India—^tlie Indus on tin* west and the (langes, 
witli the tributary Brnlimaputra, on the oast. Numerous small streams 
feed these rivers froju the south slope of the Tlimalayas, cariudng an 
abundance of coarse and fine debris. . , . The gi-eat alluvial plain 
extends over an area of about 300,000 sipiare miles, and (mii])risos the 
richest and most po])ulous i)ortion of India. It varies in width fr(»m 00 
lo nearly 300 miles, and entirely sc]>arates the lower peninsula of India 
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from tlio Ilimalajah to the north. 11 risoh feet al)o\o the sea in its 
lii^^lie^t portion, and the cloepest liorin^ Inns located iheso deposits ai a 
depth of nearly a tlionsand feet helo\r tlie jirestnit sea-lo\el. ... It 
abounds in ora\els and conglomerates near llie sloping liorders, but luta- 
oeoiib or clayey dejiosits, more or less arenaceous, prevail over much of 
the plain, especially near the center, with only subordinate deposits of 
sand, gravel, and conglomerates. Beds of blown sand of groat thickness 
are found in some regions. . . . Shells of river and marsh molluscs 
me 0 *ca^ionall\ found, and calcareons concretions and nodules of irreg¬ 
ular shape, locally known as MnMi\ are frequent. . . . Calcareous 
tufas also form conglomerates in the stream lieds by cementing pebbles 
dori\ed from tlie hills. In the clays along tlie borders and in the shoals 
of the »Tiunna Eiver a great variety of Yertohratc remains has l)oon found, 
including elephant, Iniipopotamus, ox, hoise, antelope, crocodile ain^ 
various fish.'^ Grabau gives further descriptions of these deposits, much 
of xrhich would apply to the Morrison. 

Lakes are not especially abundant on these plains, though some are 
present. The large rivers are braided in a complicated manner. An in¬ 
teresting feature is shown in the delta portion of the Ganges, wher(> a 
large tributar)% the Brahmaputra, Joins tlie main river helow the ])oint 
wllero one of its largest delta distributaries, the TIooghly, is gi\cn off. 
These features are shoxvii on any large map of India. 

Grabau also gives a description of the Nile flood-plain. Extracts from 
this description are here quoted. 

'‘A striking example of a flood-plain is afforcled liy that of tin* Kile, 
which flows from a w(‘ll-watored region througli a desert country witlioui 
receiving a tributary for a thousand miles, except n few small wet weathto’ 
streams, Ejitrencli(‘d Ixmeath tin* (les(*rt uplands iliis flood plain bolds 
its own for a lengtli of 500 miles, ami mainiains a width of from 5 to 15 
miles, broadening on the delta to o\er 100 miles. The annual iiiumhi- 
tion of the flood plain is caused 1)Y the northward moveimuit of the b(dt 
of equatorial rains in smnmcr. The flood begins in »lune and usually 
rises 25 feet or mure at Cairo in the late summer or early aulunui. The 
annual addition of the river silt causes a slow rising of tli(‘ entire flood 
])laiji estimated to amount to -1% inches a trntiirv. 

•‘This region furnishes an instructive example of widely varying con¬ 
temporaneous deposits within the same general area. On the one hand 
occur the drifting, cross-bedded, well rounded and pure quartz sands of 
the desert, and, on the other, the (xxtremely line, well-strati(ic<l muds of 
the river fl(K)d plain/' 
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Giabau inakt‘s the I'ullowiiig statement regarding tlood-jjlaiii hedniients: 
‘‘From the nature of the (le])ositR on river flood plains, perfoc't and oft(‘n 
very fine strati fical ion is to bo expected. This may be considered as char¬ 
acteristic of ty])ical hood plains.’' The 1^, (ranges and Hoangho are 
given as examples. Davis (1900, 9) states that the proportions ot fine 
to coarse materials in th('sc rivers is Aerj' great. 

In general, levelness of surface is a characteristic of flood-plains; the 
material may a ary from coarse to fine, tlic former usually occurring in 
greater almndanc'o near the soxrree and ihe latter at a distance from the 



Fig. 01.—.1 tHlntfarv uf the (hand Riier, near Mark, Colorado* 

Streams of tills cliaracier were i>rol)nbly abun<lant In llie Morrison area Curing tlie 
d(‘i)osltlon of the formation. 


source; and overlap away from the source oC supply is characteristic. 
The stiata clepobital will often ajiproacli liorizotitalily over coiifiiderable 
areas. Thinning out and replnccmient of beds is common. Footprints 
and similar structures are often found. 

Color of Sbdimektb 

In moist or pluvial climates with moderate vegetation, tho soil is apt 
to bo bluisli. I'egtitation prevents a high degree of oxidation. “In 
seasons of dr\ness, when tlie niuonnt of vegetation is small, the iron of 
the sediments of deltas and alluvial fans may bwome thoroughly oxidized. 
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VhtM’e (]nne‘"> p]e\iiils for most of tho Aear, and wiuov \i*i;otaiion i" jio a 
result scanty, .sucli o-xidation may l)c c^p(*ciiilly favored. Thub Kuniarid 
or e\cn de'^(‘rt i(*i>ioii'^ would luriiisli the l)Obt conditions ior siuli (oxida¬ 
tion. On rhcr tlood plaiiib tlune is al\vay& osnlludent inoistiiro to result 
in the format ion ol livIroMdos of iron, and hence the eolovb of such 
depoRiis will ranj^e Ironi \(*llows to ocher and hrowni. It is only under 
coiuhtions of intense heat that delndiation wdll result wuth a conse(iuent 
change in color tow^ai'd the reds. Hiu-h change of color may, liowever, 
take place as the result of auing of the deposits, as pointed out l)y Crosby’’ 
((JrahaiJ, lhl4, (1). (h’osb^'s statement is as follows: . . the 

color of the deposit, so far as it is dne to ferric oxide, is, other things 
being equal, a function of its geological ago. . . . In other words, 
the color naturally tends ^\ith the ]a])se of time to change fioin yellow 
to red; and, although this tendency exists indcpendontly of ilie tempera- 
tuie, it is undouhtedly greatly favored by a wuxrm climate" (IShl, f3). 
llaiToll has also discussed the causes of color combinations in continental 
sediments (1912, 10). 

irithout discussing the literatiue on this subject any further, the fol¬ 
lowing conclusions may lie made regarding tlie origin of liods of'varioiis 
colors in the Morrison formation. As noted above (p. 159), tlio coarser 
beds arc usually giay or wdiite, these beds often being cro^M-hedded, while^ 
the flnor beds arc green, gray, whiti*, blue or red. Tlie red and reddish- 
brown beds are not extremely iine,’ however, lik<‘ the greeiii'-li clays. 
This is probably due to the prevalence in them of (inartz grains, while 
the gicen clays are often t*om])os(ul largidy of kaolinii* inaitwial, Then^ 
is a consideralde aiuoiiiit of giadation of (*olor in ilie liner I)ods. The 
coarser sands x\er(‘ jirohahly deposit(‘d iii the stieains and as deltas in the 
lakes. The finer led, hrowui and gray grits mnv di‘])ositetl in both lakes 
and streams, and also along river fiood-plaiius. In most (*ases it would 
be difScult to avssign one of these hrownisli-ied grits t(» a ]n’(‘(*ise origin.. 
As noted above in discussing tlie jM'tiographic characters of the f(U*ina- 
tion, the green clays often grade into red and blown, and there didinct 
evidence of the origin of some of the re<l color, at least, by the alti'ralion 
of iron carbonate. It is jiossihle, of course, that some of this oxidation 
may have taken place liefore the burial of the material. It is much more 
jirohablc, however, that the ])rocess has lioen going on during a long 
period of time subse(|ueiit to the burial of tla^ de]>osits, and in soim‘ cases 
is still going on. ^Fany beds Imve boon (‘ompletely oxidized, there ladng 
httle btit <]uaitz and red-staincMl clayey matter in the roedv. This material 
is URiially more alnindaut in the n])per membm*s of the formation than in 
the lower. Other beds show the operation to have jtrogi ess(*d to a I'on*- 



j/oozc HTUDY OF thFj morribof fof\tatio:y 


169 


sidorable o\l(‘ui, but not (*()in])]et(id. If tlic pnx^oss is not interfered willi 
l)y diafitropliisin, or oibor violent disturbaneo, it is piobabic tliat oxidation 
will continue and red color will 1)0 produced more and more, up io ihe 
limifs net hi/ flip nature of flip material. Pure quartz sandb or kaolinic 
clays without iron cannot bo oxidized to liematitic red beds under ordi¬ 
nary conditioiih. 'Jdio iron will hare to be introduced from onfeide. 
This probablv^ accounts for the absmicc of red color in many of the very 
•fine green (lays. 

iNTiiitPunTVTioN op THE MoimisoN’ Formation 

From tlu‘ foregoing facts recorded concerning the Morrison formation, 
from the (conditions whiidi are known to pivvail on modern flood-plains, 
alluvial fans and dedtas, and from previous knowledge regarding the dis¬ 
tribution of land and sea in western TSTortli America in Mesozoic times, 
an attempt will bc' made to interpret the Morrison formation and to trace 
the history of ])arts of wosttu’n ITorih America during middle IMesozoic 
time. 

At the close of th(‘ Triassie period certain an^as in western North 
America were elevated. This is shown by the presence of folding in 
Triassic rocks whicli are overlain unconformably l)y later beds and bv 
disconfonnalile contact with Jurassic beds. Large areas near the Pacific 
Coast w’cro greatly aflVc'ted and, as the o(T('cts are visible in eastern Colo¬ 
rado and NTew Mexico, the elevation was |)rol)ably widespread. Frosion 
progressed over the greabw part, at hnst, of the vv (‘stern Fnited States 
until a ])CMi(‘|)lain vvns d<'volo])(ML Over this peneplain th(‘ sea advanced 
in late flurassi(‘ time, as shown by Logan (1000, 10), coming from the 
Pacific through Alaska and western Canada, and (‘xt<ui<1ing south into 
the Thiiied Stat(‘s and cov(‘ring pra<*tieally the same areas that are occti- 
pi('d bv tli(‘ states of ]\lontana, Wyoming and Utah, with V(‘rv slight 
extensions into otluM* states. The hods deposited at this time, or at any 
rate part of tlumi. now constitute lh(‘ Sundance fonnation. In areas 
whore these marine dejiosils wore not laid down, such as most of western 
Colorado, continental sediments were laid down. Thowse continental sedi¬ 
ments may lie ropresontod liy parts of thi^ La Plata sandstone. Beds with 
Smidance fossils overlie the La Plata in some areas, however, so it is not 
possible to correlate these formations directly. 

As the deposits immediately overlying the Sundance are of continental 
origin in every area which has been described, possibly excepting the 
TTnkpapa sandstone of the Black Tlills region, and it is probable that this 
also is continental, it is evident that the sea withdrew from the Rockw 
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lIoiiiiTaiii aiva rl't‘ depo'^itioTi of the ^Forn^on toviiiatinii, or ])erliaj)s 
before the depoMti(»n of the Morrison Jomiation of certain rollons in the 
eastern part of its dihtri])iition area. Whether this retreat took place im¬ 
mediately after the de])osit3on of the beds now constituting the liighest 
members of the Sundance foimation, or whether post-Sundance marine 
were deposited and eroded before the deposition of the Morrison, is 
a rather difficult question to decide. It is probable that there was a time 
interval between the deposition of the highest Sundance beds and longest 
JForribon l»edh in the eastern area. 

In tlie south western ilorrison area the McElnio appears to overlie the 
I^a Plata sandstone conformably. In some localities, hoAvcver, such as 
near Green Eiver, LItah, and in northeastern Utah, the McBlmo or its 
representative, the continental part of the Flaming Gorge, overlies the 
marine Jurassic of Sundance age. It is probable that the continental 
sedimentation which produced the larger part of tlie La Plata sandstone 
was interrupted by the invasion of the Sundance sea. If any area where 
the La Plata had been deposited was not co^cred by this sea, and there 
appears to be such, and if this area was in coimection with the source of 
material to the westw^ard. it is probable that continental deposition con- 
tinuefl without any extensive break from La Plata into lower McElmo 
time. In areas in Colorado, east of the southern Sundance sea in Utah, 
the La Plata sedimentation was suspended for the time being; wdiethor 
erosion of the Colorado area took place at this time is difficult to deter¬ 
mine. Th(* Colorado La Plata prohahly never extended very far to the 
east at any time. Possibly slight erosion took ])la('e i)\er the Colorado 
area, bnt not enough to make any sharp erosion contact between the 
La Plata and McElmo. 

From the distribution of the Sundance beds, it appears probable that 
the Sundance sea retreated in the direction from which it advanced, ex¬ 
posing the siaithern areas first. From the nature of the contact between 
the Sundance and Morrison formations in the eastern areas, it appears 
possible that post-Sundance beds were deposited and eroded before the 
deposition of the Morrison, Such an interpretation certainly fits the facts 
known in the case, and there docs not appear to be any strong evidence 
against it. 

When the southern Utah area was laid bare by the retreat of the Smi- 
dance sea, a broad practically flat plain seems to have been left, and as 
the retreated farther and farther this jilain appears to have b(*couu‘ 
larger and larger, until it occupied a considerable tract in the western 
portion of the United States, Continental sedimentation probably began 
immediately after the retreat of the sea. In the southwestern areas the 
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lowobt beds of the McElnio formation probably ropresent this period of 
sodimontatioii. Tho i^xact "eolo«ieal age of thobe lower McElmo beds 
depends upon the dec'isioii of tlie question rogardhig the post-Sundance 
deposition and erosion. If these beds were deposited immediately after 
the highest Sundance, tliey are upper Jurassic in age: if they were de¬ 
posited after a post-Sundance-pre-Morrison erosion interval, they may be 
upper Jurassic or liasal Comanchean. To which of these two periods the 
lower beds of the McElmo really belong is not especially important from 
the point of view of the ])reseut paper. 

Prom the greater thickness of the Morrison bods to the west, and from 
the larger amount of coarse material in the formation in its western 
occurrences, conditions which are distinctly shown in tlie descriptions of 
the formation, thougli there are local variations from them, it seems to 
the writer almost certain that the source of tlie materials comprising the 
Morrison came from mountain areas to the west of the present area of 
the formation. 

After the lower beds of the McElmo pliase of the Morrison were de¬ 
posited, the formation was extended to the east, northeast and southeast. 
On such a plain as the one above indicated, it would be possible for a 
drainage system similar to that now existing in eastern China to develop. 
Sii(-h a drainage system, with large overloaded ri\ (‘rs, swamps, lakes and 
interlacing connecting streams was inaugurated. JEoIian sedimentation 
no doubt accompanied the stream deposition to a certain extent. As the 
formation increased in thi(*biess it also spread farther out, the ujiper beds 
overlapping the hnver ones. It seems probable that the lower beds of the 
Morrison fonnation in its eastern areas are not to be correlated in age with 
tho kvvMW botls of tho McElmo in the western areas, but are later. This 
extension of tlie formation undoubtedly took a considerable length of 
tiim*. Tin* se(‘tion shown in a given locality at present docs not usually 
rc])rescnt eontinuous deposition in that area, but in many cases at least 
n*prcsen{s an alternation of erosion and deposition, with deposition pre- 
duniinaliiig in the long mn. A given thickness laid down under such 
conditions may represent as lojig a time interval as a thickness three or 
four times as great, or more, dcjicsited under conditions of continuous 
deposition. 

The fTnlqiapa saiidatone, in the Black Hills region, may represent a 
anliaii deposit laid dovni on the Morrison plain after the retreat of the 
Sundance sea and before the Morrison sediments had been extended to 
that point. 

TTnclei* the ('onditions of alternating deposition and erosion indicated 
above, it would not be necessary for the beds in every section to corre- 
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bed t'lir bed, nr e\en generally, with the beds in another section. 
It IS also reasi>ua])]e to -upiiose that some whole sections in certain areas 
are slijihtly jomiger or older than other -nhole sections in other areas. 
It appears, then, (hat the Morrison commenced as a continental deposit 
in ttiv irestern areas 0 / i7.s oiLtirreiue in early Conuunhean time (or 
possibly latest Jurassic), and that it spread outward as it was built up, 
the uppermost and easternmost beds being laid down in Vomanchean 
time. The upper beds are generally fine-grained as compared mth the 
low er onc'. Thi'. snggesls that the raountam areas to the w est were l)eing 
worn down and that the streams had only sufficient gradient, on the 
average, to carrj’ line material. 

The exact relation of the Morrison to the marine t'oinanchean is nol 
definitely known, except that tVashita beds are taioTO, in one or two 
cases, to o\erlie the Morrison, If the above interpretation of the Morri¬ 
son be anything like the truth, it seems probable that the Morrison merged 
into the marine deposits in the southeastern areas, such as Texas, and 
that the Morrison in its southeastern and eastern areas consisted of true 
delta deposits. 
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County, Colorado.” (\do. Sch. Alines, Rep. 18.86, pp. 45-84, 1 pi., 1887. 
[Jurassic beds, probaidy meaning Alorrlson, pi*esent.] 

1887. 3. White, 0. A.: “On the Cretaceoas formations of Texas and their 
relation to those of other portions of North Ameri(*a.” Phila. Acad. Sci., 
Broc., v(d. xxxix, pp. 3947, 1887. [The Dakotsi in the AUssouri Valley 
rests on Jurassic beds, which are ai>sent in the Texas region.] 

1888. 1, Cope, E. I>.: “Mesozoic realm.” Int Cong. Geol. Amer. Comm. Rep., 
188S, E. pp, 1-15, 1888. Amer. Geol.. voL li, pp. 261-268, 1888. [Notes of 
fauna and stratigraphy of Jurassic (Morrison LI 
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1888. 2. OsiiORN, n. F.: “On tlie Ktnn'turo imd dnsHificatiou of the Mesozoic 
mammalia.’’ Pliila. Acad. Nat. Soi., Journ., vol. lx, pp. 186-26r), 30 figs.* 2 
pis., 188S. [Mainiiials from the IMirht^ek and Morrison formations de¬ 
scribed and discussed, the Morrison forms boin^c referred to as Jurassic.! 

1889. 1. Hills, It. 0.: [Address: The held for orifdnal work on the Rocky 

Mountains.] Colo. Sci. Soc., l*roc., vol. lii, pp. 148-164. 1889. [Suggests 
collecting in the Atlantosaurus beds.] ^ 

1889. 2. Stevenson, J. J. : “The Mesozoic rocks of southern Colorado and 
northern New Mexico.” Amer. Ceol., vol. ill, pp. 391-397, 1880. [Jurassic 
In southern Colorado consists of thin limestones; near Cafion City shalos.l 

1889* 3. White, 0. A.: ‘‘The lower Cretaceous of the southwest and its re¬ 
lation to the und<a-lying and overlying formati(nis.” Amer. Journ. Hci., 
.3rd ser., vol. xxxvili, ])]). 440-14.1, 1SS9. [Mtirlne origin of the Dakota 
shown by fossils. No Jura or Lower (''retaceous in central New Mexico. 
No evidence of Trlassic or Jurassic seas.] 

1800. 1. Craoin, P. W. : “On the <3u\\enne sandstone and Neocomiaii shales 
of Kansas.” WashbuiTi Coll. TiUh., Dull., vol. ii, pp. 09-80, 1890. Amer. 
Geol., vol. vi, pp. 233-238; vol. vii, pp. 23-33, 1800. [The Cheyenne sand¬ 
stone maybe e(iui valent to the Atlantosa unis beds or io the Trinity series.] 

1890. 2, Hills, R. 0.: “Additional n(»tes on the eruptions of the Spanish 
Peaks region.” (^olo. S(4. So<‘.. I»roc., vol. iii, pp. 224-227, 1800. [Notes 
the occurrence of .Turassi(‘ shales. I 

1890. .3. Emmons, S. P. : “Orographic movements in the Rocky Mountains.” 
(reol. Soc. Anna*., Bull, vol. i, pp. 245-280,1890. [Atlantosaurus beds may 
be (h*etac('ons. T<'nu “Jnra-Dakota” used. The beds are of fresh-water 
origin. Tlu‘y wore doposit(‘d around various “islands” in the Rocky hlouu- 
tain region. I 

1890. 4. Lakes, AuTHrit: “Extinct volcimocs in Colorado.’* .\nier. Cool, 
vol. V, p]). 38-4,3, 2 pis.. 1890. |N(4es cutting of ,Turassi<* strain by vol- 
<'a lines, j 

1890. 5. Wtiitf., (\ A.: “Tbe North American Mesozob*.” Amer. Ass(m*. for 
the Adv. S(*i., Pro<‘., vol. xxxviii, pp. 201-220, 1890. [Atlantic Coast pos¬ 
sesses upper Jurassic*. The Poiomac formal ion is dividtMl In “Interior 
R<‘giou” a f(‘W hundred f(‘et of Jurassic lie conformably on the Trias; the 
uTiper part is non-marine and lower part marine, Jurassh* disappears 
north and south, its distribution being less than that of tln^ Trias.] 

1891. 1 . (\\NNON, (iKowjK B,: “Notes on the geology of Perry Park.” Colo. 
S(*l. 8o<*., Proc., vol. iii, pii. 308-315, 1801. [Note on the Jura-Dakota liog- 
back. I 

1891. 2., MAUHir, O, C.: “Geological horizons as dotennined by vertebrate 
foaslls.” Amor. Journ. v8ci., 3rd ser., vol xlli, p. 112, 1891 (abstract of 
paper r(»ad to the Tniern. Geol. Congr.L [Tlie Hallopus beds are Jurassic 
and older than the Raptanodon beds.1 

1891. 3. CRfiSBT, W. O.; ^On the contrast in color of the soils of high and 
low latitudes,” Amer. Geol;, vol, vlli, pp. 72-82, 1891. [Color contrast is 
due partly to differenee In ellmate under which deposits were formed and 
also to geologic ago.l 

1892. 1. 'Weed, W. IT.: “Two Montana coal fields.” Geol Soc. Amer., Btdl, 
vol 111, i>i). ,301-330, 13 figs., 1892, [.Turasslo and Kootenle beds are both 
present at Great Falls, Montana.! 
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1893. 1. Oaxxo^, George L„ Jr.: “Tlie of Denver and vicinity.” 

Culo. Sci. Soc.. True., vol. ir, pp. 235-270, ls03. [Account of the early 
dinosaur colle(*tiiig and description of the boction at Morrison, Colorado,] 

1894. 1. AVooI»^^oR^Il, J. 15.: “The relation between babO-levelins: and organic 
evolution.’ Auier. Geol., ^oL xiv. pp. 200-236, 1S04. [Review of the 
various theories conceiiiing land erosion, discussion of the effect of river 
chaiiifos on organisms and their distribution, and the relation of the de- 
^’el(a>meut of the Jura-Cretaceous peneplain with the contemporaneous 
fauna and flora, and general summary of the facts presented. Reptiles, 
and particularly the dinosaur group, correlated in development with the 
growth of the peneplain. I 

1894. 2. Cross, Wuiiman : “Pike's Peak, Colorado, quadrangle.” U. S. Geol. 
Suit., Geol. Atlas, Folio No. 7, 7 pp., 5 maps, 1S94. [Desaiptions of the 
]^Iorrison formation, including the Oil Creek locality. Proposal of the 
mime Moriison.] 

1894. 3. Eldridge, G. H., and Emmons, S. F.: “Anthracite-Crested Butte, 
Colorado, quadrangle.'* U. S. Geol. Surv'., Geol. Atlas, Folio No. 9, 30 pp., 
S maps, 1 section sheet, 1894. [Description of the Gumiison formation 
and proposal of the name Gunnison.] 

1895. 1. Marsh, O. C. : “Restoration of some European dinosaurs, with sug¬ 
gestions as to their place among the reptilia.” Amer. Journ. Sci., 3rd ser., 
vol. 1, pp. 407-412,1 tig., 4 pis., 1895. [Morrison equal to Weulden in age, 
and both are Jurassic. Restorations of Morrison dinosaurs.] 

1896. 1, Emmons, S. P., Cross, Whitman, and Eldridge, G. H. : “Geology'^ 
of the Denver basin in Colorado.” U. S. Geol. Surv., Monograph, No. 27, 
556 pp., 31 pis., 102 figs., 1890. [Morrison formation deposited in a de¬ 
pression following Jurassic movement. The formation is liOw^er Creta¬ 
ceous in age.] 

1896. 2. Marsh. 0. C.: ‘^Vertebrate Fossils” [of the Denver basin.] U. S. 
Geol. Surv., Monograph, No. 27, pp. 473-527, pis. 21-31, figs. 23-102, 1S90. 
[Notes on the Hallopus, Baptauodon and Atlanti>siiurus beds. The bitti^r 
two are Jurassic in age.] 

1896. 3. Ward, L. F. : “Some analogies in the low'or CretaccMms of Europe 
and America.” V . S. Geol. Surv., lOtli Ann, Rep., pt. 1, pp. [52-40.3, pis. 
97-107, figs. 07-09, 1896. [(Comparison in detail of the INitoinni* and Weal- 
den. Discussion of origin and des<Tlption of the flora.! 

1896. 4. WooDW^ARD, Arthck S. : “Note on the affinities of the English 
Wealden lish-fauna.” GeoL Mag., decade iii, No. 380, pp. 09-71, 1890. 
[Tlie Wealden estuary the last refuge of the Jurassic tish-famia.] 

1896. 3. Marsh, 0. 0.: “Age of the Wealden.” Amer. Jouim. Sci., 4th ser., 
vol. i, p, 234, 1890. [From the evidence of the fossil fishes the Wealden 
is Jumssic.l 

1896. 6. ^Luihk, O. C. : “The geology of Block t^land.” Amer. Jouni. Sci., 
4tli ser., vol. U, pp. 29.5-298, 3T5>377, 1890. [Jurassic of the Potomai- type 
present.] 

1896. 7. Marsh, O. C.: “The Jurassic formation on the Atlantic Coast.” 
Sd., N. 55., Yol. Iv, pp. 805-810, 1890. j Evidence for Jurassic age of the 
Potomac deposits.] 
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1896. 8. AIausii, O. C. : '*Tlie Jurassic foruuituni on the Atlantic Coast.” 
Amor. Journ. 4tli sor., vol. 11. pi>. 4olt-447. 2 1896. [Description 

<»f tlio ISaptaiiodoii and Atlantosaurus beds of the west Description of 
the IMeur(K*<elus lavls ajid the Potomac formation. Diseussioii of the rela¬ 
tive importance of fossils, the at^e of the Wealdeii ami the position and 
character of the Jurassic.] 

1896. 9. OiLUKKT, (1. K.: “Ai^e of the lV>tomac formation.” Sci., N. S.r vol. 
iv, pp. S75-S77,3S9C. [Discusses the methods of correlation used by Marsh 
in Ms paper on the Jurassic formation of the Atlantic Coast. Slightly 
favors Cretaceous age for the Potouiai' bods.] 

1896. 10. Hill, K. T. : ‘A <iuestioii of classification.” Scl., N. S., vol. iv, i^p. 
91S-922, 1S9(J. [K(iuivalents of the Potomac extend along the Atlantic 
Coast and w(‘stward into Texas. Tuscaloosa equals Lower Trinity. The 
whole is (h*etace<ms. Discussion of Marsh's evidence of the Jurassic age 
of these beds.) 

1896. 11. MAitcoir, Jttles : ‘‘The Jura in the United States.” Sci., N. S., 
vol. Iv, pp. 040-947, iSlHi. [Potomac formation Jurassic in age.] 

1897. 1. Haworth, Hr^smis: “Underground waters of southwestern Kan¬ 
sas.’* U. S, (hs>l. Surv., Water Supply lAper, No. G, 03 pp., 12 pK, 2 figs., 
1S97. [Maj) and discussion of Jura-Trias beds. Red bods were dt‘posited 
in ocean water.] 

1897. 2. OirrEBT, G. K.: “Lhieblo, (^dorado, (lUiidranglo.” U, S. Geol. Surv., 
(xcol. Atlas, Folio No. 30, 7 pp., 10 figs., 0 maps, section sheet, illustration 
sho(‘t, 1897. [Discussion and sections of Mesozoic strata, including the 
Morrison.] 

1897. 3. Clark, Wm. P». : “Outline of present knowledge of the i)hysical fea¬ 
tures of Maryland, embracing an account of the physiography, geology 
and miiu‘ral msources.’* Md. Gool. Surv., vol. i, pp. 141-228, pis. 0-13, tS97. 
[Upper Jurassic and Lower Cretaceous deposited in bracldsh water.I 

1897. 4. (^lARK, Wm. R., and Ribbins, Artiitr: “The stratigraphy of the 
Potonme grouj) in Alaryland.” Journ. Gool., vol. v, pp. 479-500,1897. [De¬ 
scriptions of lln» Patuxent, Arundel, Pahipsco and Raritan formations. 
Discussions of the relations and age of the dei)<>slts and the views of other 
writers. Patuxent and Arundel are JurassicV l^atapsco is Lower C’n'ta- 
ceons. The whole series deposited in brackish water.! 

1897. 3. S(’OTT, Wm. R, : An introduction to gc^ology. 1st ed., xli -f 573 pp., 
lot) tigs., l;J pR, Ma<auillan Co., 1897. [Name “Como” given to the Morri¬ 
son in southern Wyoming, The formation is assigned to the Lower (Vo- 
tacoous period.] 

1898, 1. PuRiNOTON, C. W.: “Preliminary n^port on the mining Industry of 
the Telhirlde quadrangle, Colorado.” IT. S. Geol. Surv., ISth Ami. R<i>., 
pt. 3, pp. 751-848, pis. 103-158, figs. 00-74, 1S98. [Notes on the La Plata 
and Gunnison foi*matlons.] 

1898. 2. SrinaE, J. E. : “Geology of the Aspen mining district, Colorado, with 
atlas.*’ U. S. Geol. Surv., Monograph, No. 31, 2C0 pp., 43 pis., 11 figs*., 30 
atlas sheets, 1898. [Description of the Gunnison formation, part of which 
is correlated with the Atlantosaurus beds.] 

1898. 3. Marsh, O. C.: “Jurassic formation on the Atlantic Coast.’* Sup¬ 
plement. Amer. Journ. Rei., 4th ser., vol. vi. pp. 105-115,1 fig, 1898, [Re- 
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]>ly to Gilbert’s (Titicism and restatement of evideiu*e for Jurassi<* o£ 
the Potomac beds.] 

1898. 4. Todd, Jamks K.: “Section aloni? Rapid Greek from Rapid cit> west¬ 
ward. South Dak. <ieol. Sui*v., Rull., No. 2, pp. 27-40, pis. 2-5, ISDS. 
[Notes on the rsia(*k Hills Jurassic.] 

1898. 5. M-utsii, <). G.: “Cyoad horizons in the Rocky Mountains.” Amer. 
^ourn. Sci., 4th ser., ^ol. vi. p. 197, 1898. [Notes on the Mesozoic strata 
of the Black Hills.] 

1898. 6 . Davis, W. IVI.: “Physical i?eosrraphy,” xviii + 432 pp., 0 pis., 2(51 
figfs., frontsp., (Bull & Go., N. T., 1S98. [Discussion of liver deposits. De¬ 
scription of the H()aiii>ho alluvial plain.] 

1899. 1. Marsh, O. C.: “Footprints of Jurassic dinosaurs.’’ Amer. Journ. 
8cl., 4th ser., vol. vii, pp. 229-232, 3 figs., 1899. [Footprints found in the 
Morrison of the Black Hills region.] 

1899. 2. Darto.n, N. H.: “Jurassic formations of the Black Hills of South 
Dakota.” (^eol. Soc. Amer. Bull., vol. x, pp. 3S3-396, 3 pis., 1899. [De¬ 
scription and history of the Black Hills Jurassic beds. Beulah shales 
equivalent to the Moriison.] 

1899. 8. Gross, Whitman: “Telluridc, Colorado, quadrangle.” U. vS. (Jeol. 
Surv., Geol. Atlas, Folio No. 57, IS pp., 4 maps, section sheet, 3 illusti'a- 
tioii sheets, 1899. 1 Sections and descriptions of the La Plata and McKlmo 
foi-mations. These names are proposed for divisions of the Gunnison for¬ 
mation.] 

1899. 4. Gross, TTiiitma::?, Sprxcer, *1. C., and Purinotox, 0. W.: “La Plata, 
Colorado, quadrangle.” U. S. Geol. Surv., Geol. Atlas, Polio No. 60,14 pp., 
4 maps, 2 illustration sheets. 1899. [La Plata and McEImo formations 
described and discussed.] 

1900. 1. Knight, W. 0.: “Tlie Wyoming fossil Helds expedition of July, 

1899.” Nat. Geog. Alag., vol, xi, pp. 449-465. 8 pLs., 1900. [Description of 
Como Bluff and other Morrison localities.] 

1900. 2. Knight, W. C.: “Jurassic rocks of southea.stcrn Wyoming.” (ieol. 
Sue. Amer., Bull., vol. xi, pp. :»77-38S, jd. 23. 1900. [D(‘tailccl se<*tions, 
map, descriptions and faunal lists.] 

1900. 8. KnkiIit, W. C.: “A i>reliminary report on the artesian basins of 
Wyoming.” Wyo. Exi). Station, Bnll. No. 45, pp. 107-251, 14 pls„ 15 ligs., 
map, June, 1900. [Brief des(Tiption of the Morrison fnnnation.l 

1900. 4. Gross, WnmrAX, and Spencer, A. G.: “Geology <if the Ri<*o Moun¬ 
tains, Golorado.” U. S. Geol. 8urv., 21st Ann. Rep., pt. 2, pp. 15-165, i)Is. 
1-22,1900. [The La Plata is correlated with the lower part of the Gunni¬ 
son, and the McElmo with the upper part, and in part with the Morrison.] 

1900. 5. Logan, W. X.: “The stratigraphy and lnverte])rate faunas of the 
.Tur3is.slc formation in the Freozoout Hills of Wjt)raing.’’ Kans. 

Quart, vol, lx, pp. 109-1.34, pis. 25-31. 5 figs., 1900. [Descriptions, detaih'd 
.section and descriptions of new species of invei‘tebrate fossils.] 

1900a 6. W.VRD, F.; “Description of a new genus ami twenty new species 
of fossil <*ycadeun trunks from the Jurassic t»f Wyoming.” Wash. Acad. 
Set, Proc., vol. i, pp. 251-300, pis. 14-21, 1000. [Sti'iitlgi’aphie notes and 
descriptions of the cy<*ads. which form the principal element of the Mor¬ 
rison fl<»ra.l 
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1900. 7. Hills, K. C. : Walsoiibers. Colorado, quadrauijlo. U. S. Cool, Surv., 
(ieol. Atlas, Folio No. 08, 0 iq>., o 0 maps, 2 section slieets. lOOo. 

11 )o^criptloji of tlio Mori'lson formation. It varies from 100 to 270 

1900. «. Wakj), Ij. F. (with the c*ollal)orutiou of Wm. Fontaine, Atreus Wan¬ 
ner and F. H. Knowltonl : “Status of the Mesozoic floras of the United 
States. First paper: Older Mesozoic.” U. S. Oeol, Suit., 20th Ann. U('p., 
l)t. 2, pp. 211-4.30, pis. 21-179, 1900. [Description (>f the occurrence* and 
(‘haracter of the strata and plant remains of the Trias and Jura at differ- 
<mt localities in the United States and the characters of the i;eiiera and 
species.] 

1900. 9. D.vvib, W. M.: “The fresh-water Tertiary formations of the Rocky 
Mountain rej^ion.” Amer. Acad. Arts and Sci.. Troc., vol. xxxv, pp. .‘I4.> 
;>73, 1900. [Discussion of flood-plain d(^po.sils and ^short descTiptiou of 
II<)aiit;]io and Tndo-Gaimotic flood-plains.] 

1900. 10. LntrAX, W. N.: “A North American epicontinental sea of Jurassic 
atie.” Joiiru. Geol., vol. viii, p. 241, 4 figs., 1900. 1 Section of the Morrison 
and Sundance formations, map of distribution of the Sundance, summary 
of sequence of events concerning the advance and retreht of tlu* Sundance 
sea.] 

1901. 1. Darton, N. n.: “I*]*eliminary description of the geology and water 
resources of the Black Ilillfi and adjacent regions in South Ddkf)ta and 
Wyoming.” U. S. Oeol. Surv., 21st Ann. Rep., pt 4, pp. 497-599, 55 pis., 
28 tigs., 1901. [Sections, descriptions, etc.; Beulah shales apial the Mor- 
itison.] 

1901* a. Darton, N. II.: “Comparison of the stratigraphy of the Black Hills 
with that of the Rocky Mountain front range,’* Gool. Soc. Amer., Bull., 
vol. xli, p. 47S, 1001. I General comparison, Morrison included.] 

1901. 3. WiLLisTON, S. W.: “The Dinosaurian genus Grvomiinis Marsh.” 
Amer. Journ. S(*i., 4ih sor„ vol. xi. i)p. 111-114. 1 fig., 1001. [Name “Atlaii- 
tosanrus Bods” replaced by “Como.”] 

1901. 4. RKiOS, Blmkr M. : “The dinosaur beds of the <h’aud River Valley of 
Colorado.” Field Col. Mus. Pub. CO, Geol. Ser., vol. I. no. 9, pp. 207-275, 
0 pls„ 1901. l<leiieral section ami description of beds. Tliey were de- 
positiHl l)y a <*ombinati(>u of stnsniu and lal«» deposition.] 

1901. 5. Hatchkii, J. B. : “The Jurassic dinosaur deposits near Canon <*ity, 
Colorado.” (^arn, Mus„ Ann., vol. I, pp. 327-341, 5 figs., 1901. 11 descrip¬ 

tion of sc<*tioii, dis(msion of origin and correlation.] 

1901. 0. Ijoomih, F. B. : “On Jurassic stratigraphy in southeastern Wyo¬ 
ming.” Amer, Mils. Nat. Hist., Bull., vol. xiv, pp. 1*89-198, 2 pis., 1901, 
1 Detailed se<4ions and desc*ri[)tloiis of the Morrison at Como Bluff and 
near-by locvilllles. 1 

1901. 7. Lkk, W. T. : “The MoiTison formation of southeastern Colorado,** 
Journ. Geol., vol, ix, pp. 343-352, 4 figs., 1901. |Detail<Ml soetion and dis¬ 
cussion of c*orrolation of the beds in the canyons in southeastern Colo¬ 
rado.] 

1901. 8 . Darton, N. H„ and Kritii, A.; “Washington, Maryland-Virglnia- 
District of Colnmlda, <iuadrangle.” IT. S. Gool. Surv., Geol. xVtlas, Folio 
No. 70, 7 pp., 8 maps, BKd. [Notes on the Potomac beds.] 

1902. 1. Darton, N. H.: “Norfolk, Virginia-North Carolina, quadrangle.” 
XT, W. Geol. Suit., Geol. Atlas, Folio No. 80. 4 i>p„ 4 maps, Miction sheet, 
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illustnition [Tlio Totomae sorie^^ Crotaceoiis in and 

t‘stiiarine in origin. 1 

1902. 2. I^ARTON, X. H.: ‘'Oolrichs, Sontli Dakota-Nobnis'ka (luadrangU*.'* 
r. S, (iool. Surv., (ieol. Atlas, Folio No. SI, 0 1 maps, 2 figs., section 

sheet, illustration sheet, 1902. [The Dakota immediately overlies the 
Ihtkpapa near Hot Springs, South Dakota. The Morrisou is absent in this 
Tl>calit.v. 1 

1902. 3. E. S., and Fabeington, O. C.: *‘The dinosaur hods of the 

tirand River Talley of Colorado.” Sci. Amer., Supp., vol. liii, pp. 22()(il- 
22002, 2 hgs., 1J)02. [Description and discussion of the Grand River IksIs. 
The.\ wi‘rt* deposited in a system of streams and lakes. 1 

1902. 4. Fraas, E. : “Geologische Streifziige dnrch die Priirien mid Felsen- 
gebirge Nordamwikas.'’ Wliittemberg, Jahreshefte des Terelns fiir vater- 
laiidische Natnrknnde, Stuttgart, Jahrg, Ivili, pp. 65-08, 1902. [Observa¬ 
tions on the Jurassic l)e<ls of Wyoming and their invertebrate fossils. | 

1902. 5. Lee, W. T. : “The Morrison shales of southern Colorado and north¬ 
ern New ^dexico." Journ. Geol,. vol, x, pp. 36-58, 7 figs., 1902. [Detailed 
descriptions of the s(»uthern Morrison oe<‘urrences. The M(»rrison extends 
eastward into Oklahoma.! 

1902. 6. Lee, W. T. : “Canyons of southeastera Colorado,” Journ. Croog., 
vol, i, pp. 357-370,12 figs., 1902. [Sections, descriptions, etc., of the Morri¬ 
son and adjacent beds.] 

1902. 7. l^ooMXR, F. B.: “On Jurassic stratigraphy on the west side of the 
Black Hills.” Second paper on American Jurassic stratigraphy. Amer. 
Mus. Nat. Hist., Bull., vol. xvi, pp. 401-407, 1 pL, 1902. [Detailed descrip¬ 
tions and sections.] 

1902. S. DAiiTON, N. H.: “Stratigraphy of the Bighoni Mountains.” Sci., 
N. S., vol. XV. p. 823,1902. [Brief abstract of fuller paper.] 

1902. 9. Hatchee, J, B. : “Structure of the foreleg and manus of lirunUh 
saurmy Cam. Mus., Ann., vol. i, pp. 35C-376, 2 pis., 1J102. [Notes on the 
levels (»f difl!ereiit quarries.] 

1902. 10. SiiATTUCK, Geoeoe B. : “neveloi»ment concerning the physical fvti- 
tores of Cecil County.” Md. Geol. Surv„ vol. Cecil Co., i)p. 31-62, 2 pis., 
liKi2. [Extensive bibliography.] 

1902. 11. SiTATTrcK, George B. : “The geologj’ of the eoasbil plain forma¬ 
tions.” 3[(l. Geol. Surv., vol. Cecil Co., pp. 149-194, 5 pis., 2 figs., tJ)02. 
[Patuxent is Jurassic; Patapsco is Cretaceous; Amndel is absent or not 
ditferentlated.] 

1903. 1. Reagax, a. B. : “(Geology of the Jemiez-AlbiKiucrque region, Nt‘W 
Mexico.” Amer. Geol., vol. xxxi, pp. 67-111, T pis., 19a3. [Cretticoous r<‘sts 
directly upon Red Beds: apparently no Morrison present.] 

1903. 2. Lee, W. T. ; “The canyons of northeastern Now Mexico.” Jouim. 
<ieog„ vol. ii, pp. 63-82,14 tigs., 1903. [Sections, descriptions etc. of t*onn- 
fry where the Morrison is present] 

1903. 3. Dartox, N. H.: “Preliminary report on the geology and water re- 
i^mrees of Nebraska west ot the 100th meridian.” TJ. S. Geol. Surv., lh*o- 
fessional Pai>er No. 17, 69 pp., 43 pis., 23 figs., 1903. [SecUons, etc.] 

1903. 4. Hatcher. J. B.: “Osteology of EaplocanfhoBawm, with descrip¬ 
tion of a new species and remarks on the probable habits of the saiiropoda 
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mid the a^(o and orisdn oi the Atlantosaunis beds.** Cam. Muh. Mom., vol. 
ii, piK 0 pis., lift fifijs., 1003. [The Atlantosaurus beds, or Morrison, 
are Jurassic* in ago. They represent the result of combined erosion and 
deposition, the latter process heing the dominant one.] 

1903. 5. Smith, W. S. Tangier: “IlartTille, Wyoming, quadi*angle.” U. S. 
Geol. Surv., Geol. Atlas, Folio No. 91, 6 pp., 2 maps, 2 section sheets, 1 
illustration sheet, 1903. T Short description of the Morrison formation.! 
1903. 6. Stanton, T. W. : *‘A new fresh-wator molluscan faunule from the 
Cretact^us of Montana.” Amer, Philos. Soc., Proc., vol. Ixii, pp. 1S8-189, 
1 pi., 1903. FDiscusslon of the age of the Morrison fomation.] 

1903. 7. Ward, L. P.: ‘‘Correlation of the Potomac of Marj’land and Vir¬ 
ginia.” Abst., Sci., N. S., vol. xvii, pp. 941-942,1903. [General discussion.] 
1903. 3. Johnson, I). W.: “Geology of the Oerilloa Hills, New Mexico. Pt T. 
General Geology.” Sch. Mines Quart., vol. xxiv, pp. 303-350, 7 figs., 7 pis.; 
pp. 456-500, 0 figs., 10 pis., 1903. [Discussion of origin of sediments and 
their criteria.] 

1903. 9. Tsl nan fu Sheet. Kartographlsche Abtheilung der Kdnigl. Preuss. 
Landes-Aufnahme. Karte von Ost-Ohina, 1901? [Pub. 1903]. [Detailed 
map of i)art of the alluvial philn in eastern China. Shows streams inter¬ 
lacing in a complicated manner, many lakes aiiul swamps on the fain. 1 

1903. 10, Nanking Sheet Kartographisehe Abtheilung der Kcinigl. Preuss. 
Tjandes-Aufnahme. Karte von Ost-Chhia [Pub. 1903]. [Map of the <lelta 
of the Yirngtise Kiaiig. Many lakes and swamps are on it Some of the 
lakes are 50 miles or more in length.] 

1904. 1, Hatcher, J. B. : “An attempt to correlate the marine with the non- 
marine formations of the Middle West.” Amer. Philos. Soc., Proc., vol. 
xliii, x>I>* 341-365, 2 figs., 1904. [The Atlantosauinis beds and the Dakota 
considered as the possible eciulvalents of the marine Jurassic and Ijower 
Cretaceous.] 

1904. 2. Jagqau, Thomas A,; “Economic resour(*es of the northern Black 
Hills, pt. 1, (Jeneral Geology.” Th S, Geol. Surv., I^rofessioual Paper No. 
26, pp, 13-41, pi. 1,1904. [Section and short description of the Morrison.] 
1904. 3. Peck, Fred. B. : “The Atlantosaur and Titmotherium beds of Wyo¬ 
ming.” Wyoming Hist and Geol. Soc., Pi*oc. and (\»1„ vol. viii, pp. 25-41, 
5 i)1h„ 1904, IScK'tions, stratigraphical dovscriptlons and faunal lists.] 
1004. 4. Darton, N. H, : “Nowciistle, Wyoming-Soulli Dakotii, quadrangle.” 
U. S. <4eol. Surv., (iool. Athis, Folio No. 107. 9 pp., 4 maps, 6 figs., s(‘ction 
sheet, illustration sheet, 1904. [Description of the Morrison.] 

1904. 5. Darton, N. H., and Smith, W, S. T. : “Bdgoinont, South Dakota- 
Nebraska, <iuadrangle.” U, S. Geol. Suit., Geol. Atlas, Folio No. lOR, 10 
pp., 4 maps, 5 figs., section sheet, illustration sheet, 1904. [Description 
and section of Morrison.] 

1904. 6, Spencer, .V. 0.: “The copper deposits of the Encampment district, 
Wyoming.” U. S. (4eol. Surv., Professional Paper No. 25, 107 pp., 2 pis,, 
49 figs., 1904. [Notes 400 fwt of fresh-water Jurassic beds with lime¬ 
stones.] * 

1904. 7. liEB, W. T.: “Age of the Atlautosaurus beds.” Geol, Soc. Amer., 
Bull., vol. xlv, pp. 531-532, 1904. fTliese beds can be correlated with the 
Lower Cretaceous of Texas.] 
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1904. 8. Barton, X. H.: ‘'Comparisou of the stratij^raphy of the J»lat*k Hills, 
Bighoni Momitalns and Ro(*ky Mtmiitjiiii front rani;(\” <Jeol. So<*. Amcr., 
Bull., vol. XV, pp. :^79-448, 14 ids.. 1904. t^Iuny sections, <les(M*ii>tions and 
discussions. The Alorrisun is considered as Cretaceous in ai!;e.l 

1904. 9. Pekin? Sheet. Kartogi’aphlsche Abtheilun? der K<mi?l, Preuss. 
*f^ndes-Aufnahme. Karte von Ost-Ohlna, 1901 [Pub. 1904J. [Map of part 
of the alluvial plain of China. Many lakes are present on it.j 

1904. 10. Yi tsehau? fu Sheet. Karto?raplilsche Abtheiluii? der Konigl. 
I^reuss. Laiides-Aufnahme. 'Kaile vou Ost-China, 1901? [Pub. 1904J. [Map 
of part of the alluvial plain of China near the inland mountains. Lakes 
are present on it.] 

1904. 11. Hankau Sheet. Kartographische Abtheilung der Kbnigl, Preuss. 

I..andes-Aufnahme. Karte von Ost-Ohina, 1902 [Pub. 1904]. [Map of the 
portion of the alluvial plain of China which includes the divide between 
the Hoanglio and Yamrtse idvers. Many lakes, from small ponds to lakes 
25 miles or more in length, are present in broad belts each side of tlio main 
rivers. They connect more or less by small streams. 1 , 

*1004. 12. Osborn, Henry F. : ‘‘Fossil wonders of the West, the dinosaurs of 
the Bone-Cabin Quarry, being the first description of the greatest ‘find’ 
of extinct animals ever made.’’ Centub' Mag., vol, Ixvili, pp. 080-994, IS 
figs., 1904, [General account of tlie discovery and de.s(*ription of the'oc¬ 
currence of the remains, with some descrii)tions. Good figures of Morrison 
outcrops.] 

1905^. 1. Cross, W., and Howe, Ernst: “Bed Beds of southwestern Colorado 
and their correlation.” Geol. Soc. Amer., Bull., vol. x\i, pp. 447498, 4 pis., 
4 figs., lOOn. [The McKlmo, ilOO to 900 feet thick, e<iulvaleut to the upper 
• Gunnison or Morrison.] 

1905. 2. Keyes, Charles B. : ‘’Tlie Jurassic hoiizoms around the southern 
end of the Rocky Mountains.*’ Amer, Geol., vol. xx.\:vl, pp. 289-202, 1 fig., 
1905. [Diagram of relations of l>eds in the southeni Rocky Mountain 
region.] 

1905. 3. Barton, X, H,: “Preliminary report on the geology and under¬ 
ground water resources of the central gmit plains.” XI 8. Geol. 8urv., 
Professional Paper No. 32, 438 pp., 72 pis., 18 figs., 1905. | Extensive dis¬ 
cussion of the Morrison and other Mesozoic formations, with many .sec¬ 
tions.] * 

1905. 4. WiLLiSTOx, S. TV.: “Tlie HullopxLs. Baptanodon and Atlantosaunts 
I)eds of Marsh.*’ Jouin, Geol., vol. xiii, pp. ,338-:ir)0, 1905. [Hallopus be<ls 
are Triasslc, Baptanodon beds are .Tumssic ami Atlaiitosaums beds prob¬ 
ably Cretaceoms. Historical notes. | 

1905. 5. Barton, X. H.: “Hunthmce, Wyoming-South Dakota, quadrangle.” 
r. 8. Geol. Surv„ Geol, Atlas, Folio Xo. 127, 12 pp., 5 maps, 3 figs., 1905. 
[Sections and desciiptlons. The Morrison is Cretat*eous.l 

1903. 6. Barton, N, H., and 0'H.vrba, C. C.: “Aladdin, Wyoming-South Da¬ 
kota. Montana, quadrangle.” U. S. Geol. 8urv., Geol. Atlas, Folio No. 12S, 
8 pp., 4 maps. 1 fig.. 1 section sheet. 1905. [Short deseiiption of the Mor¬ 
rison formation.] 

:1905w 7. Ward, F. : “Status of the Mesozoic floras of the United States.” 
Second paper. U. 8. Geol. 8urv., Monogmph No. 48, pt. 1, text, 016 pp.; 
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l>t. 2, i»latos, IIJ) pis., 11105. (Includos papors by Foutaiue, Bibbius and 
Wlidand. Stratijcniphic* iiotos by AVielaiul.l | Complete desoriptious of 
Mesozoic plants and dis<*ussions an<l descriptions <>f their occurrence. I 

1905. 8. Dakton, N. H.; “Discovery of the (''oiiianche faima in southeastern 
(’olorado." Sci., N. S., vol. xxli, p. 120, 11)05. (Brief uote.l 

1905. 9. Fknnkman, N. M. : “Creolofcr of the Boulder distdct, Colorado.” 
U. S. (icol. Surv., TUill., No. 205, 101 pp., 5 pis., 11 1905. (Dehiiled 

description of the Morrison at tills locality. 1 

1905. to. Ciioss, W. : “Rico, (Vilorado, <piadraiii?le,'’ S. Ceol. Suit., (JooI. 
Atlas, Folio No. l;W), 20 pp., 5 maps. Illustration sheet, 1905. (Sections 
and descriptions of tbe l^a Plata and McElmo formations.] 

1905. 11. Stanton, T. W.: “Tlie M(HTison formation and its relations with 
the Comaiichh* s(‘ries and the Dakota formation.” Jourii. (leol., vol. xiii, 
]>p. (>.57-007, 1905. (Statement of oxistlns knowledpje of the IMorrlson lu 
southern Coloi'ado. l^i)per Comanchean fossils fotmd above the Morrison 
at Cafion City.] 

1905. 12. UrNTiNOTON, Ellsworth : “The basin of eastern Persia and Sis- 
tan.” (5ini. Inst. Wash., Pub. 20, ]>p. 217-517, lis?s. 149-174, 1905. fObser- 
vations on the deposition of shales of various colors. ( 

1900. 1. Fuaas, K, : *'Ver^lei<diuutt dor amerikaiiischeu und europslisclieii 
Jura-forination.'* Intern. Ainerikniiisteu KoiijsT(»ss, Tag. 14, pp. 41-45, 
Stuttgart, 1900. (Cenoral c<»mparis<m.l 

1900. 2. Dakton, N. H. ; “(Geology of the Bighorn ^Imiiitaius.” U. S. (3ool. 
Suit., ITofosslonal Paper No. 51, 129 i)p., 47 pis., 14 Jigs.. 1000. (Many 
sections and desi^riptions, etc*. The Morrison is OretucNsnis; good distri¬ 
bution map. I 

1900. 3. Darton, N, H,: “Ceology and underground waters of the Arkansus 
Valley in eastern (Colorado." IT. S. Oeol. Surv„ Professional PajKT No. 
52, 00 pp., 27 pis., 2 ligs., 1900. rJ^€‘ctioii, descriidions and discussion of 
tbe M(‘s<»zolc strata.) 

1900. 4. F’skkr, Cassius A.: “Coology and wat<‘r rt^sources of the Bighorn 
basin, W.voming.” U. S. (iool. Surv., Professional Paper No. 5,% 72 pp., 
10 pis., 1 lig., 1900, IMany scK'tions and doscTiplions; the Morrison is 
CretaccMMis; good distribution map.) 

1900. 5. Mri^LKR, Bknmamin L. : *T lover, Del a wa re-Mary huid, quadrangle.” 
U, S. (3e<»l. Hiirv., (Jool. Atlas, Polio No. 157, 10 pp., 2 maps, 1 fig., 1900. 
(Patapsc'o is present and is Lower (’n'taceoiis in age.: Arundel and Patux¬ 
ent may underlh* 'tlu‘ Patapsco.l 

1900. 0. Dahton, N. it.: “Bald Monntaiii and Dayton, Wyoming, qnsid- 
rangles.” V. S. Ceol. Suit., Ceol, Atlas, Folio N(l 111, 15 pp., 7 maps, 6 
figs., 1 tToss-S(N*tion and 2 lllustratfon sh<‘ets, 1900, [Moc'tions, maps, de- 
serlj)tions, etc., including the Monison.) 

1906. 7. Dakton, N. II. : “Cloud Peak and Fort McKinley, ■Wy<iming, quad¬ 
rangles.” IT. S. (leol. Rurv.. Geol. Atlas, Polio No. 142, 16 pp., 7 maps, 1 
cross-section and 2 illustration sheets, fSections, maps, descriptions, etc., 
including the MorHsou.] 

1900. 8. Clarf:, W. B., and Millkr. B. T*. : **A brief summary of the geology 
of tlie Virginia coastal plain.” Va. Geol. Fturv., Geol. Ser., Bull., No. 2, pp. 
11-24,1900. (Patuxent and Arundel provisionally referred to the Jurassic.] 
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1900. 9. Darton. N. H. : “Geolo4?y of the Owl Crook Mountains, with notes 
oil resources of adjacent re^ons in the ceded ])ortion of the Shoshone 
Indian reservation.” oOth Coin?., 1st Sess., Sou. Doc. no. 211), 48 pp., 19 
pis.. 1 tig., lOOH. [Section, descriptions and distribution map of the Mor¬ 
rison and other formations.] 

1906. 10. Darton, N. H.: “The hot springs at Tliormopolis, Wyoming.” 
jouru. Geol., vol. xiv, pp. 194-200, 4 figs., lOOd. jThe ]Morrlson is piH^sent 
at Thermopolls. J 

1906. 11. Clark, W, B., and Mathews, K. B.: “Report on the physical fea¬ 
tures of Maryland, together with an account of the exhibits of Maryland 
mineral resources made by the Maryland Geological Survey.” Md. Geol. 
Surv., vol. vi, pts. 1 and 2, pp, 27-281, ;i0 pis., 19 figs., map, 1906. [Tatux- 
eut and Arundel are Jurassic, Both were deposited in swampy areas.] 

1906. 12. WiELAND, G. R.: “American fossil cycads.” Cam. Inst. Wash., 
I^ub. .*>4, 206 pp., oO pis.. 137 figs., 1906. [Notes on the occurren<*e of the 
cycads In the Monison beds, with complete discussion of their inondxology 
and relationslili>s.] 

1907. 1. Cross, W. : “Sti*atigraphic results of a reconnaissance in western 
(Ndorado and Utah.” Joum. Geol., vol. xv, pp. (534-679, 11 figs., 1907. 
[Desciiptlon of the McElmo formation. Correlation table, M<*Elnio 
equivalent to the Morrison.] 

1907. 2. Weeks, F. B.: “Stratigraphy and structure of the Uinta range.” 
Geol. Soc. Amer., Bull., vol. xvili, pp. 427-448, C pis., 3 figs., 1907. [600- 
800 feet of Jurassic present, of which 200-300 foot is limestone.] 

1907. 8. Fisher. 0. A.: “The Great Falls coal field. Montana.” U. 8. Geol. 
8urv., Bull.. No. 316, pp. 161473,1 pi, 1907. | Morrison and Kootenio beds 
present.] 

1907. 4. Dabtox, N. H., and OTTauba, <’’. C.: “Devil's lower, Wyoming, 
quadrangle.” U. 8. Geol. Surv., Ot^d. Atlas, B\>lio No. 150, 0 pp., 3 maps, 
cross-seetion and structure sheet, 1907. |StK;tious, maps, descriptions, etc., 
of the ^Morrison and other bods.] 

1907. 5. SiiArrixiv, ii. B., JkliLLEB, B, L., and Bibrins, AuTiiirii: *Thitux<uit,” 
^Maryland, quadningle. U. S. (xeol. 8nrv., Geol. Atlas, Folio No, 152, 12 
pp„ 3 mai>N, 2 figs., scH'tlon sliwt, 1907. 1 Patuxent and Arundel provision¬ 
ally classed as Jurassii* and I’atapsco as Cretaceous. I 

1907. 0. Cross, W., Howe, E., and liiviNu, J. D.: “Ouray, Colorado, quad¬ 
rangle.” U. 8. Geol. Surv., (HhiI. Atlas, Folio No. 153, 19 pp., .3 maps, 4 
tigs,, illustration sheet, 1907. [Descriptions and maps, Ija Plata, McElmo 
and other formations.] 

1907. 7. Chamuebltx, T. C., and Sali.sbuby, R. D.: Geology, Volume III. 
624 pp,, 269 figs. [Good description of the Morrison formation and fluvia- 
tile origin given for it,} 

1908. 1 . Barton, X. H.: “Paleozoic and Mesozoi(* of central Wyoming.” 
Geol. Soc. Amer.. Bull., vol. xix, pp. 4a3-470, 10 pis., 1908. [Many sections 
and descriptions. Morrison is Cretaceous.] 

1908. a. Keyes, Charies R. : “Geotectonics of the Estamda plains.” Joum. 
Geol., vol. xvL, pp. 434-451, 12 figs., 1008. [The Morrison is present in 
eastern New Mexico.] 
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J90«. 3. Fisher, 0. A.: ‘‘Southern extonHiou of the Kooteiiiii and Montana 
(‘oal-boariiig formations in northern Moutaua."’ Econ. Geol., vol. Hi, no. I, 
1 ) 1 ). 77-09,1908. [The Kootenle lies apparently with perfect conforiuHy on 
the Morrison.] 

1008. 4. Barrell, .losEPir: “Relations between <*lliuate ainl terrestrial de¬ 
posits. Ft. II. Relation of sediments to re£?lous of dei)osition.” Journ, 
Geol., vol. xvi, pp. 255-29f), 190S. IDiscusslou of types of swUmeift de¬ 
posited under vailous conditions; notes on colors in sediments and discus¬ 
sion of their origin.] 

1009. 1. I)Iartix, 0. C.: “The Niobrara limestone as a source of Portland 
cement material.’' fcj. Geol. iSurv., Bull. No. “>80, pp. ;n4-:i20,1 tig., 190$). 
LThe Morrison is of fresh-water origin.] 

1909. 2. Gilmore, 0, W.: “A new Ilhynchoct^phalian from the Jurassu* of 
Wyoming, with notes on the fauna of ‘Quarry 9.’ ” U. S. Nat. Mus., Proc., 
vol. xxxvii, pp. 95-42, 1 pL, 9 figs., 100$). [Tiists of the fauna of the Mor¬ 
rison formation.] 

1909. 3. SroRR, J. E.: “Scapolite rocks of Ameilca.” Amer. .Touni. Sci., 4th 
ser., vol. XXV, p. 154, 1$)09. IDescription of the Gunnison formation.! 

1909, 4. TjKe, W. T.: “The Grand Mesa coal field, Colorado.” U. S. (Jeol. 
Suit., P»u11., No. 941, pp. 31G-394, 1 pL. 1$)09. [ Section including the <Tun- 
nisoii fonnation.] 

1909. 3, Darton, N. H. ; “Geology and water j'osources of the northern part 
of tho Black Hills and adjacent regions In South Dakota and Wyoming.” 
r. S. Geol. Suit., Professional Paper No. C5,105 pp.. 24 pis., 15 figs., 1009. 
[Many sectic^ns and descriptions of Sundance, Uiikpapa, Morrison and 
other beds.! 

190$). 6. Darton, N. II., and O'Harra. C. C.: “Bollefourche, South Dakota, 
<j[uadrangle.” U. S. <xeol. Suit., Gool. Atlas, Folio No. 1(J4, 9 pp., 4 imips, 
1 fig. (field edition, 07 pp., 5 maps), 1900. [Descriptions, sections, etc. of 
Morrison and associated fonuatious.] 

190$). 7. <Hlwoue, 0. W,; “Osteology of the Jurassic reptih* ( Umpitmunm , 
with a iv'view of tho species of the genus and (lescvii)tious of two new 
species." U. S. Nat. Mus., Proc., vol. x.vxvi, pp. 197-992, 15 pis.. 47 tigs., 
1909. I D(^scriplion of qinirry and coi)les of Loomis’s si‘ctlons.l 

1909. 8. WiLiJS, Bailey: “Paleogeographic maps of North America.” .Tourn. 
(;(‘ol., vol. xvii, pp. 209-208; 203-25(}; 2S0-288 : 3I2-.343: 4();i-i05; 41)0400; 
424-4‘2.S; .503-505; 500-508; 000-002; 15 figs., 1909. [!>!>. 408-109; 424-42.5, 

,] ura-rretactM>us maps and d('S(*riptions.l 

1909. 9. Stanton, T. W. : “Succession and distribution of later Mesozoh* 
invtu’tebrate faunas in North America." Jtpirn. (Jeol., vol. xvil, i)p. 410- 
42;*>, 1009. [Jurassic of the Rocky Mountain region eipials Oxfordian and 
perhaps Gallovlan. Tlie ^Morrison is ov(»vlain by the Koohaiie at tlm north 
and by tlie Goimiii<*hean at the south.] 

1909. 10. TlExnKusoN, Jimts: “Tlie foothills foniiatioiis of north central 
Colorado," Colo. Geol. Surv.. l,st Ann. Rep. for 1$)08, ])p. 145-1S8, pis., 
1$)09. jtiemual descriptions of the Morrison ami other formations.] 

1909. 11. Fisher, i\ A.: “theology of the <Treat Falls mil field. Montana,” 
U. S. Geol. Surv.. Bull., No. tm. S5 pp.. 12 pis., 2 figs., 199$). j Correlation 
tables. The Morrison is prestmt, overlain Iiy the Kootenle.] 
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1900. 12. Darton, N. H.. 4111(1 SiKiiENTiiAT.. (\ E.: 1111(1 miiicrnl re¬ 

sources of the T.aramie liasiii, TVyoiniiiif/’ U. S. (leol. Surv.. Hull., No. 1104,. 
SI PH., S pis.. 1 tiLC., 1000. tSeeti(uis, deseriiitioii «iii(l disiriluiiioii map ef 
the MoitIsou iiud other formations, j 

1909. 13. Fisher, C. A.; “(4eology and water rosoiiiws of the Great Falls 
region, ]Muntaim.’‘ V. l:S. Geol. Surr., Water Supply Paper, No. 221, 80 ]ip., 
f pis., 1900. rrretaoeou-s, Morrison <00-120 foot thick) and Ellis forma¬ 
tions appear to be conformable throughout.! 

1909. 14. Dabtox, N. H. : ‘^Geology and underground wiiter.s of South l)a- 
kotJi." r. S. Geol. Suit., Wjiter Supply Paper, No. 227, loii pp., 15 pis., 
7 figs., 1909. [Soctious, discussions and llliistratioiis. Sundjinco jind 
rukpapa are Jurassic; Morrison is rrotac<‘ous. 1 

1909. 13. Lee, W. T., and Gibty, G. H. : “The Manzaiio group of the Rio 
Grande Valley, New Mexico.'* U. S. <lool. Suit.. Bull., No. 5S1), 120 pj)., 
12 pK, 9 figs., 1909. ITlio Morrison is jn^obably presont.l 

1909. 16. HENXiXt, Karl I.: “Strelfzllge in den Rocky Mountains. TV. 
MoiTlson uiid die Morrisonformation.” Globus, Bd, xevi, pp. o44-.'l40. 5 
figs., 1909. [I)e.s<*ription of the Morrison fornattion, with discussion as to 
its age.] 

1910. t. Lvll, R. S. : “Dlnosaurian distribution." Amer. Journ. I4ci., 4th 
ser„ vol. xxix, pp. 1-99, 10 figs., 1910. [Correlation tjibles and discussion 
of the IMorrisou and other faunas.] 

1910. 2. Larkin, PmRcns: “The occurrence of a sjinropod dinosiiur In the 
Trinity' Cretaceous of Oklahoma, with an introdut'tory note by vS. W. Wil- 
listou/' Journ. Geol., vol. sriil, pp. 03-08, 4 figs., 1910. (A morosaurold 
corac-old found in the Trinity sands.] 

1910. 3. S('nx^( iiERT, Charles : “IhileogoograpUy of North America." Geol. 
Soc. Amer., Bull., vol. xx, piL 427-600, 56 jds,, 1910. {Pale(jg€»ographic 

ma]>s and di.scussions. I 

1910.4, ('ROSS, Weiitman: “Engineer Mountain, ('olonido, (juadraiigle.’* 
U. S. (ileol. Burv., (ieol. Athns, Folio No. 171,13 i>p., 3 maps, 1 section sln^et, 
2 illiLstration sheets, 1919. Plata is lower Jurassh* jind equiViilent (o 
the lower part of the Gunnistm. The McRlnio is in general (‘(lulvalenl to 
the Morrison.] 

1910.5. I>ART()N, N. H., Blackwelder, Eliot, and Siehkntiial, (\ 11; 
“rjiramie and Sherman. Wyoming, (luadrangles." V . vS. Geol. Siirv., <Je<d. 
Atlas. Folio No. 173, 17 pp., 7 maps, 1 section sheet, 1 illustration slu‘(*t, 
1910. [Sections of Sundanc*e and Morrison f(»rmatlous. j 

1910. (S. Gale, Hoyt S.: “("’oal fields of northwest Colonulo ajul norlluvist 
Ftah," V . S. Geol. Surv^, Bull., No, 415, 265 pp., 22 pis. juid figs., 1910. 
[Itejscription of the Flaming Gorge formation.] 

1910. 7. O'Harra, ('leophas: *^he Badland formations of the Black Hills 
region.” S. 1>. Sch. Mines. Dept. Geol., Bull., No. 9, 152 pp,, 59 ids., 20 
figs., Nov,, 1910. [Sections and descriptions of the JuraHsi<*.| 

4910. a ('lark. W. B,; “Results of a recent Invostlgation of the coastal 
plain foramtions in the area between Massaclnwetts and North ('andiiia.'^ 
Ahst, (4eol. Sot% Amer., Bull., vol. xx, pp. 640-654, 3 pi., 1910. Ll'Jituxent, 

^ Anmdel and I'atapsw are all U>wer ('retaceous.] 

1911 . 1 . Woodruff, Elmer G.: “The Laiuler oil field, Wyoming.” TT. S. 
GeoL Slln^, Bull., No. 452, pp. 7-36, 6 pis., 1 fig., 1911. [Section of Sun¬ 
dance, Morrison and Cleverly formations,] 
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1911. ta. v^TONE, li. AV,: ^''<Tr<.M)loi'ieiil velntions of ore deposits in the Elkhorii 
Mountains, Montana.” V, y. iireol. Bull., No. 470, pi). 754)8, t i»l., 

1011. Ideologic section and map. Morrison is present at this loealitj.] 
1911. 8. vox Huene, F. : “Kui'ise Mitteilung Uber Term, Trias, imd Jura In 
Ne^^ Mexico.” Nouos Jahrb., P>eilage-Hd. xxxii, H. 0, pp. 750-759, 1 pi., 2 
tigs., 1911. I Sections at Morrison, Colorado, and Mesa Prieta.l 
1911. 4. Jamison, 0. Ifl.: “Geology and mineral resources of a portlhn of 
Fremont County, Wyoming.” Wyoming [GeoL Suit.] ser. B, Bull, No. 2, 
S)0 pp., 14 pis., map, 1911. [Section and description of the Morrison.] 
1911, 5, Clark, W. B., Bibbinh, A., and Berry. E. W. : “The lowgy ('reta- 
ceous of Maryland.” Md. Geol. 8urv., vol. Ijower Cretaceous, pp. 2o-9S, 
10 pis, 1911. I The lower portion of the Potomac is Lower Cretaceous in 
age. Descriptions and sections of the members of the IN)tomac hirma- 
tlon.l 

1911. 6. Berry, Edward W.: “The lower Cretaceous floras of the uorhl.” 
M<1. (Jeol. Suit., vol. Lower Cretaceous, i)p. 99-151, 1 fig., 1911. [Discus¬ 
sion of Lower Cretaceous floras and map of their distribution.] 

1911. 7. Berry, Edward W. : “Correlation of the Potomac formation.” Md. 
Geol, Suit., vol. Lower Cretaceous, pp. 153-172, 1011. [Correlation table. 
Patuxent-Ai’undel equal to the Morrison-Kooteiiie and in part to the 
Woalden.] 

1911, 8. Lull, B. S. : “The reptllia of the Arundel foimation.” Md. Geol. 
Hun\, vol. Lower (h'etaceous, pp. 173-187, 1911. IThe Ainiudel fauna is 
Lower Ovetac-eous leather than Jurassic in age.] 

1911. 9. Miller, B. L. : “Development of knowledge concerning the physical 
features of Prince George County.’* Md. Geol. gui’v., vol. Prince George 
Co., pp. 2441.5, toil. [Note on the Lower Cretaceous, and extensive bibli¬ 
ography.] 

1911. 10. Miller, B. L.: '^Geology of Prince George County.” Md. Geol. 
Suit., vol. Prini^e George Co., pp. 83-130. 7 pis., 1011, [Deserlptions of the 
^'arious members of the Potomac formation. They are all considered as 
Ijower Oreta<*e<nLs in age.| 

1912. 1* Wroemann, C. H.: “The Powder River oil field, Wyoming.” U. S. 
Geol. Snrv., Bull., No. 471, pp, 59-75, 1 pi., 1 fig,, 1912. [Short description 
of the Mondsoii formation,] 

1912. 2. Oaivmkt, W, K, : *‘Tbe Electric coal field. Park County, Montana.” 
IT. S. <»eol. Suit., Bull., No. 471, pp. 490-422, 1 map, 1912. [De.s(TiptIon of 
Ellis, Morrison and Kootenie formations. Detailed section.] 

1912. 8. Lee, W. T, : “The Tijeras coal field, Benuilillo County, Neiv Mex¬ 
ico.” IT. S. Geol. Surv„ Bull., No. 471, pp. 574-578. 1 pl„ 1012. [Nottss the 
presence of th(‘ ^lorrisoii formation.] 

1912. 4. Stone, R. W,: “C’oal near the Black Hills, Wyoming-South Da¬ 
kota.” U. S. Geol. Sun%, Bull, No. 499, (M5 pp., 7 pis., 8 figs., 1912. f Short 
description of the Jlorrison formation.] 

1912. 5. Willis, Bailey, and Stose, G. W. : “Index to the stratigraphy 
North Amerien,” accompanied by a geologic map of North America, com¬ 
piled by the United States Geological Survey, in cooperation with the 
Geological Survey of Canada and the Institute Gleologico de Mexico, nndlpr 
the supervision of Bailey Willis and George W. Stose. U. S. Geol Snrv., 
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Profe<!sl(mul Vnim\ No. 71, S<>4 iip., fi«s., larw inai) in soctions, li)12. 
[Des<‘rii»tious and bibliographies of all iinpoitant North American geo¬ 
logical foimatioiis; correlation tables etc.J 

1912. 6- Lee, W. T.: “('oal fields of (iraiid Mesa and the West Elk Monii- 
tains, Colorado.” U. S. Geol. Suit., Bull., No. 510, 237 pp., 21 pis., 37 figs., 
1912, [Map of the Grand Mesa region, with desciiption and section of the 
Gunnison formation in that region.] 

1912. 7. Stose, G. W. : “Apibhapa, Colorado, quadrangle.” U. S. Geol. Surv., 
Geol. Atlas, Folio No. 186, 12 pp., 3 maps, 1 illustration sheet, 1912. [De- 
scrii>tl(m of the Morrison formation.] 

1912. 8. Jamison, C. E. : “The Douglas oil field, Converse County, Wyo¬ 
ming.” Wyoming [Gcs)l. Surv.l, Bull., No. 3, ser. B, 50 i)p., S pis., 1912. 
[Notes the presence of the Mondson formation.] 

1912. 9. Jamison, C. E.: ‘*The Salt Creek oil field, Natrona (^>ullty, Wyo¬ 
ming.” Wyoming [<^eol. Suit. I, Bull,, No. 4, ser. B, 75 pp., 1C pis., 1 map, 
1912. [Notes the presence of the Morrison formation.] 

1912. 10. Babrell, Joseph : “Criteria for the recognition of ancient delta 
deposits.” Geol. Soc. Amer., Bull., vol. xxiii, pp. 377-446, 4 figs., 1912. 
[Discussion of deltas and criteria for recognizing their origin and criteiia 
for the determination of the marine, lacustrine and fluviatlle origin of 
sedimentary deposits.] 

1913. 1. Grout, F. F., Worcester, P, G., and Henderson, Junius : “Recon¬ 
naissance of the geology of the Rabbit Ears region.’* Colo. Geol. Surv., 
Bull, No. 5, pt. 1, pp. 1-57, 1 pi., 1 fig., 1913. [Brief description of the 
Morrison formation.] 

1913. 2. Butters, R. M.: “‘I^ermian’ or ‘Permo-Carboniferous’ of the east¬ 
ern foothills of the Rocky Mountains in Colorado.” Colo. Geol. I8urv., Bull., 
No. 5, pt. 2, pp. 61-94,1913. [Discussion of the INIorrison formation.) 

1914. 1. Barnett, V. H. : “Tlie Douglas oil and gas field. Converse County, 
Wyoming.” U. S. Geol, Surv., Bull., No. 541-C, pp. 3-42, 1 pi., 3 fig., 1914. 
[Brief discussion of the Morrison formation and section. 1 

1914. 2. Hrwett, D. F.: “The Shoshone River section, Wyoming.” U. S. 
Geol, Su^^^, Bull., No. 541-0, pp. 43-67,1 pi., 1 fig., 1914. [Description and 
dlst*usKioii of the Morrison fomation. It is 580 feet thick, wlil<*h is very 
unusual In the northern areas.] 

1914. 3. Dupton, C’h ARLES T.: “Oil and gas near Green River, Grand Oo\in1y, 
Utah.” r. S. Geol. Suit., Bull., No. 541, pp. 115-133, 1 pi., 1 fig.. 1914. 
[The McElmo formation Ls over 1,000 feet thick near Green River.] 

1914, 4. ScHUciiERT, Charles: “Climates of geologic time.” Cam. lust. 
Wash., Pub. 192, pp. 263-298, figs. 87-90, 1914. [Discussion of the prevail¬ 
ing climates of the vaidous geologic periods, Morrison dinosaurs lived in 
a warm and moist climate.] 

1014. 5. Tbowbridoe, Arthur C. ; “A classification of common sediments and 
some criteria for identification of the various classes.” Joum. Geol., voL 
1 xxil, pp. 420-436,12 figs., 1914. [Descriptions of modem sediments of vari¬ 
ous modes of origin and criteria for recognizing the same in older de¬ 
posits.] 

1914* 6. Grabau, a. W.: Principles of stratigraphy. 1185 pp., 264 ills., 
A. G. Seiler and Co., N. Y., 1914, [Extensive discussion of sediimentary 
processes.] 
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1914. 7. CRObs, and LvRbRN, K. S,: ‘‘Contributions to the stratig¬ 

raphy of southwestern Colorado." Th S. (}eol. Wurv., Professi<»nal Paper 
hO-E, 1)1). .‘iT-oO. figs. L^ :i. pi. \iii, 1914. | Description of M<-Ehno formation 
and discussion of g<*<)logical history ot region coii(*erned.J 

1914. 8. IUrnett, V. II.: “The Moorcroft oil field. Crook (^omit>, Wyoming.’' 
U. S. (-Jeol. Surv., lUill., No. r)Sl-C, pp. s;i-104, 1 fig., 1 plate (map), 1914. 
[Separates only; bulletin not yet issued, Mar. 4, 1915.1 I Section of the 
Morrison formation in this locality, with brief description.! 

1914. 9. Barnktt, H.: “Possibilities of oil in the Big Muddy Bonus (Con¬ 
verse and Natrona counties, Wyoming.” U. S. (tCoI. Surv., Bull., No, 
5S1-C, pp. 105-117, 1 plate (map). [Separates only; bulletin not yet 
issued, Mar. 4, 1915.J (Note on the Morri.soii.l 

1914. 10. Cross, WiriTaLVN, and Tj.vrsjsn, Esper H. : “Tlie stratigraphic break 
below the .Turassic sandstone in southwestern Colorado.” Abstract Wash. 
Acad. Sci., Jonrn., vol. iv, i). 237,1014. [The Dakota does not overlap the 
McElmo in (tunnison Canyon, as indicated by locale's map of Colorado.] 

1915. 1. Berry, Edward W.: “Paloobotanic evidence of the age of the Mor¬ 
rison formation.” Ceol. Soc. Amer., Bull, *vol x.xvi, pp. 3;i‘3-342, 1915 
(read before the I^aleontologieal Society December 30, 1914). [Discussion 
of the floras of the L’otomac, Wealden and Kootejiie formations and the 
relation of these to the Morrison. Favoi^s Lower (h-etaeeons (Coman- 
ehean) age for the Morrison.] 

1915. 2. IjEE, Willis T. : “Reasons for regarding the Morrison as an intro¬ 
ductory Cretaceous formation.” Geol. Soe. Amer., Bull, vol. xxvi, pp. 30:5- 
314, 1915 (read before the Paleontological Society December 30, 1914). 
[Diastrophic criteria applied to the study of the Morrison, Tlie formation 
is oonsidereil as the non-marine foremnner of the marine Cretaceous de¬ 
posits.] 

1015. 3. Lull, Richard S. : “Sauropoda and Stegosauriii of the Morrison of 
North America compared with those of Europe and eastern Africa.” Geol 
Soc. Amer., Bull, vol, xxvi, pp. 323-334, 1916 (read before the Paleonto¬ 
logical Society Bocembor .30,1914). [The Morrison partly at least liomo- 
taxlal with the Toiidaguru dinosaur beds. The latter are not older than 
uppennost .Furasslc and probably are early Comanchean.] 

1915. 4. Mook, Ctiarlks C. ; “Origin and distribution of the Morrison for¬ 
mation.” (rcol So<'. Amer., Bull, vol xxvi, pp. .315-322, 4 figs.. 1.015 (read 
before! the Paleontologlc^jil Scxdety Be(*emher .39, 1014). [The Morrison 
the produ<*t of alternate deposition and erosion; it may be both Jurassic 
and (\nuancbean in <liffereut parts. 1 

1915. 5. Osborn, H. F. : “(3oso of Jurassic and opening of Cretaceous time 
in North America.” Oeol. Soc. Amei*., Bull, vol. xxvi, pp. 295-392, 1916 
(read before the Paleontological Society, December 30, 1914). [Paleon- 
tologic eridenc*(^ considered as of greater value than diastrophic in corre¬ 
lation; the Morrison probably both .Turassic and liower Cretaceous.] 

1915. 6. Stanton, T. W.: “Invertebrate fauna of the Morrison formation.” 
Geol Soc. Amor,, Bull, vol xxvi, pp, 343-343, 1915 (read before the Pale- 
ontologitiil Society December .30,1914). (Evidence of the invertebrates is 
not (*(>n(‘lusivo, but seems to Indicate Jurassic age for the Morrison.] 




PLATE VI 

MAP 8H0WIN(t PHE MSTBIBnnON OF THE MORRISON FORMATION 

Heavy bkok Hues liidleate actual outeroph. CroHS-hatchinR Indicate areas 
wheie the Morrison probaldy lies buried beneath younger beds. Dashes indi¬ 
cate areas where* the Morrison may or may not underlie younj?er beds. 

XoTU—Wnw the pn'yarallou «t this map, Dr, W. T Lee has toioimpd the writer of 
alMItlonal outcrops In New .Mexico. 
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INTnODUOTION 

The material that forms the basis of this pajjcr caint' to the American 
Mnsexun of Natural History through T)r. Franz Boas, who conducted 
arcKaiological investigations in Porto Eico in 1915 as part of the natural 
history survey of the island, undertaken 1)V the Now York Academy of 
Sciences with the cooperation of the Insular government. From a cave, 
the Cueva de la Ceiha, between IJtuado and Arecibo, a number of human 
bones were taken and more or less intoimingled witli them were remaius 
of several species of manunals. From the upper layers of the eavo floor, 
largely a heavy deposit of ashes, came a number of bones of a new rodent 
genus described recently by Dr. J. A. AUen as holohoilon porloncensis.^ 
This part of the deposit Dr. Boas regards as artificial." From deeper in 
the cave floor came the material under present discussion, and this for¬ 
mation appears to be of stalactite origin, dark red in wdor and of a depth 
of from 18 to 84 inches. 

Before more extended search for additional material is made, it has 
seemed best to make a preliminary report on thih material, leaving the 
finer details of the question of afBnities to bo discuKW'd in a later paper. 
The present paper is part of the autiior’s plan to report oji the mammals 
of Porto Eico as his assignment in the natural history sun oy mentioned 
above. 

The author wishes to acknowledge indebtedness to bfr. Qorrit MiUer, 
Curator of Mammals in the Hnitoil States National Mus('um, for the 
privilege of comparing the rodent material with the eolloetions of fossil 
rodents now at Washington; and to Dr. J. A. Allen, Curator of Mam¬ 
malogy and Ornithology, and to Dr. W. D. Matthew, Curator of Verte¬ 
brate Paleontologv’, both in the Amencan Musoimi, (hanks arc due for 
valued advice and suggestions. 

A list of the material Is as follows: 

Eostrum with one tooth, fragments of mandibular rami, part of a 
"humerus, end of a radius, three vertehrse, one femur and part of the 
other, two tibise, portions of two fibulse and a caleaneum, all seemingly of 
one individual, an unknown ground sloth. 

Two fragmentary rami of different sizes, of an untaiown inseetivore? 
or bat? 

A fragmentary mandibular ramus, too incomplete for present determi¬ 
nation, of a large hystricomorph rodent. 

*3. A. Assm: Annals N. T. Acad. ScL, VoL XXTII, pp. 2S .Tanuair, ISIS. 

• 3. A. Axium, I. a, p. 18. 
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A partial!) eonipk-to (rniiium with all but one of the teeth, fragments 
til crania and lanii and Iragments of humen, ulnae, radii, femora, all 
affording more oi li‘s^ diaracterti, of a large hystricomorph rodent of a 
aenuh seemingly di''tm(t from the above. 

A quite com])l(‘t(‘ craiiinm with one mandibular ramus of a smaller 
hystricomorph rodent. 

The anterior rostral portion of a canid skull, unquestionably an intru¬ 
sion. 

In addition to the aliove there is a small amount of uncorrelated ma¬ 
terial of fragmentn ry nature and also skulls and limb bones of Arf^eus 
jamaicensis. 

SYSTEMATIC TREATMENT 
New Genus op Gbound Sloth 

The tjpc of Metialocmis came from Cuba and consequently it is not so 
surprising to discoier remains of a groimd sloth on Porto Eico. The 
feature that is remarkable, however, is that the Porto Eico animal should 
be such a widely different type of animal. With this fact in mind, i. e., 
that Megahcnits was a massive bulky animal, while the Porto Rico sloth 
was a mtieh more actiie, less ponderous creature, I have incorporated the 
contrast in the following name whidi I offer for the new form: 

Acratocnus odontrigonus ‘ gen. et sp. nov. 

Type, No. 14170, Dept Vert PaL, from Oueva de la Celba. near Utnado, 
Porto Blco, 1915; collector. Dr. Franz Boas. The skull Is selected as the tyi^e. 

DE&OEIPTION 

i^kull (Plate X, Figs. 1-0; Plate XI, Mg. 1).—^The skull is incomplete 
and shows only Die rostrum back to ihe zygomatic process of the maxil- 
laries, one u]»)K*r tooth and several pieces, somewhat fragmentary, of the 
mandibular ramtis. 

The rostrum is elongate, rather tvidcr anteriorly and is evenly convex 
from side to side above. There are no apparent premaxiUaries. The 
canine is large, slightly emwed, of decided triangular cross-section and 
with the worn surface seemingly much as in Gholapus. The alveolus of 
the canine is Aeiy long and curved, reaching the plane of the posterior 
border of the zygomatic process on the maxfllary, at which point it has 
attained a horizojital direction. A pair of very deep preorbital fossae is 

*JLcffl/ocnMs; a, without; robust, heavy; "oenw#*'—^meaning ground ^oth 

without great weight Odontngonuii, tooth; Tptymos^ irfaugulai^—in al* 

luBlou to the trlagonal canine. 
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])reheiit, whii-li rocliK^o (ho palatal width at iho first of tlio molar al\(»o]i to 
loish than half the Aridth anteriorly. The palatal border of tlu* pn'orbital 
fovv;a is a re^iilarlv ourvod lino. When tho skull is \i(.‘\v<*d in profile^, tho 
palate slopes rather abruptly downward posteriorly, making tho rostrum 
much deeper at tlie first tooth of the molar series than it is at the ('anino. 

2Ieaswrement^ of cranium: Width of nistrum just anterior to zygo¬ 
matic roots, 31.5 mm.; greatest width of rostrum, at outside of (-aniiu* 
alveoli, 3() mm.; wddth of palate hotweeii ])Teorbital fovssio, 13 min.: widtli 
^ol* palate between canines. Id mm.; leu^»tli of jialate back to first molar 
ahoolus, 2 S mm.; greatest aiitero-iiosterior extent of preorbital fossa, 83 
mm.; ^^reatost vertical depth of fossa, 1 () mm.: widtli of canine just below 
w’orn surface, 11 mm.; thickness of canine, antero-posteriorh, same ])oint, 
9 mm. 

Mantlihular mmuK —The rami are frapfinentary, pieces of hotli sides 
and the axinphysial juiu'tion lieing found, but ^i^e the following: charac¬ 
ters (see Plate X, Figs. 3-6): 

The ramus is deep with a wide ascending portion. The molar aheoli 
are deep and of largo size. The canine alveolus is three sided to match 
the condition foimd in the maxillary. The eaninos are large, apparently 
of nearly the same size as the upper canin(‘S, flaring apart externally Imt 
meeting at the roots. There is no space for a vciy wn’do median sm- 
physial tongue, but a shallow interior concavity or groove is present. The 
diastema between the canine and pm^ is \ery short. Pin, and m. are 
larger than in, and m^, m., appearing to bo tlie largest of th(‘ series. The 
molars are subrectangulai* to roughly eylindrical in eross-se(*tion. The 
inferior dental foramen is large. 

^[panumnenis of ramun: Depth at anterior edge of ascending ixndion 
(approximate), 85 mm.; depth at pm,, 81 mm.: antero-poslerior wi<l 1 h 
of aheolus of pm„ S mm.; width of aheohis of im, \ nun.; width of 
alveolus of m 3.10 mm. 

irvmcrus (Plate IX, Figs. 1-2).—Only the middle portion of a hu¬ 
merus (the left) was saved, but this part is sulheieiit to show thai tlie hone 
is rather slender and much ridged for muscle attachment. The deltoid 
ridge is large and prominent, giving to the anterior face of the liml) a 
xerv flat aspect, wliile there is a long sharp ridge paralleling the deltoid 
developed along the internal side of the humerus for attachment of the 
peetoralis muscle. This ridge is deep and terminates distally in a notice¬ 
able fcuob-like projection. A cross-section of the humerus through these 
two ridges would he quite rectaugular in outline. There is a uoticc^ahle 
ridge on the inner posterior aspect of tho humerus, extending <lowmward 
nearly as far as the deltoid ridge, for the attachment of the latissimxis 
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and tliu tnms major. A \erA lar^o ciitopicomlNlar Loramen is prosoiit. 
Tlio sinall portion of tlic* di'^tal region ruprtsontocl in tlio bone indicates 
a thin t‘\])andod (‘on(l\iar r{‘^ioii. Oreatist widtii from deltoid to ]) 0 (*- 
toral ridge, 1 l.o nun.; greatest tln(*knoss of bone nntevo-posteriorly, at 
distal end of i)e(*tora] riduis 1^1.5 imn.; <liaineter of entepieondylar fora¬ 
men, 6 mm. 

Emliiifs (Plate IX, Fig. 3).—Only an end of a radius, the proximal 
half, was in tlu‘ eolleetion of hones. This seems to indicate a fairly 
straight flat element not spindalized to any marked extent. Width at 
al)oiit the middle i)f the bom*, 11.3 mni.; thiikness at ^ame point, o.o mm. 

rnguhuil phnlanj (Plate VIII, Fig. b).—This phalanx, of which two 
from the tore lunbs ^(‘n* sodired, is of a strong, (*ompreased and moder¬ 
ately cimed t\|»e. On the articulating surface there is a strong medial 
keel. Wiiltli of i^halan.x at a mid point, 5 mm.; doptli Just anterior to 
osseous basal knobs, 8 imn. 

Femur (Plati* VII, Figs, l-f; Plate VII1, Pig. 1).—^Both femurs are 
rei)resente(l, oiu* ('omjdete, exi^ept IVir a small corner of the internal con¬ 
dyle, the other being the distal half only. The fenmr is fairly robust but 
is not at all massi^e as in most of the Megalonychida^. The shaft is not 
exi^anded but has a width (Minsiderably less throughout the mid portion 
than at the oxtr(*mities. Xo great specializations are shown in the muscle 
attachment areas. The great trochanter does not rise above the head of 
the fenmr and there is no trochanteric fosvsa. There is a well (leve]ope<l 
lesser trochanter and also a quite prominent crest extending about 30 mm. 
along the external aspeid of the IVnmr about midway of the shaft. The 
condyles are large with marked tuberosities and a deep intercondylar 
fossa. Length, 138 mm,; greatest width across condylar portion, 39 
mm.; mean antm’o-posierior thickness of shaft, 14 mm.; greatest width 
across head and great trochanter, -10 mm.; least width of shaft, aliout 
one tliird of distance from condyles to head, 18 mm.; liead of femur, 2*^ 
mm. in diameter. 

T\h\a (Plate VIIl, Figs. 2-1).—Both the tibhe are complete. The tibia 
is but sliglitly curved and has a <|uite smooth, normal shaft. All of the 
faci*ts on the two eondvles are well developed. Length, 111 mm.; width 
across ]m>\imal head, 34 mm,; width across distal head, 26 mm.; shaft 
at mid portion, 13 mm. ’sricle X 10 mm. thick. 

Fibula (Plato VIII, Fig. 3).—The one nearly comideto fibula, the ex¬ 
treme proximal end being broken off, is a slender hut strong bone. It has 
a largo articulating surfai'O distnlly and proximally as well, as is shown 
by the well-marked l*a(*ct for the proximal head of the fibula on the tibia. 
Length, 106 mm.; cross-section of mid portion, o X ^ nim. 



198 


xj^nv rojffc of 


Cdcanexim (PIat(‘ IX, Fjg. Tlio well preserved caleatieiim is 
quite large with a ^ideh c‘Xi)anded frec^ ])orli(m. The l)()r<l(M' is exi(‘ii- 
sirely rouglioned for tendon attaehincnt. Tlic I'aeot for the astragnhis is 
about 5 mill. iM)sterior to the cuboid laeei, showing that the astragulus 
must be of a long-neckcd tjqic (no astragiilus was obtaiii(‘d). Greatest 
length, 41 mm.; width of expanded portion, ;30 mm.; thickiu'ss of ex¬ 
panded portion, 4.5 mm.; traiJb\erse width (d' cuboid articulation. If) 
mm.: greatest width of calcancmn at aiUerior end, 19.5 mni. 

IWfebra’ (Plate IX, Pigs. 5-1).—Three \crtebrae were obtained—-ilie 
axis, a dorsal and a caudal \ertebra. 

The axis has a fairly high, wide, ked-sliaped lumral spine and a short 
thick odontoid process. The luuiral canal is very large. Ileight from 
bottom of centrum to top of iieiiral si^ine, 3L mni.; length of centrum 
from end of odontoid, 24 mm.; height of neural spine from roof of neural 


canal, 13 mm. 

The dorsal x^ertebra bears a long spinous process set at a low angle with 
the vertebral colnmn. Tlie transverse processes arc short; the ribs articu¬ 
late, the tubercle with the transverse process, the head, partly with the 
centrum of the anterior vertebra, but to a greater extent with a facet on 
the wall of the neural canal of the posterior vertebra. The centrum is 
subtriangular in cross-section. Length of spinous process from plane of 
anterior margin of transverse processes, 27 mm.; height of spinous process 
aboxe roof of neural canal, 12 mm.; length of centrum, 14 mni. 

The caudal vertebra is peculiar in having a depressed, flattened appear¬ 
ance with wide transverse processes. The spinous process is low (dis¬ 
torted?) and the neural canal very small. There are no other noticeable 
projections from the body of the verhdira. This is a condition very 
closely approximating that found in ClioVvim of tlie Bradypodidaj. 
Width across transverse processes, 38 mm,; vertical thickness <.»f centrum* 
posteriorly, 8 mm.; lateral width of centrum (articulating mrhe 
posteriorly, 17 mm. 

REMABK& 

'id 


Acratoentis presents characters that sharply mark it oft from . 
erto described forms. It seems to have no close direct affinities Wi 
of the Megalonychidje, but relationship, somewhat removed, is shov 
several genera. C^ompared with the Ilapc^ops-Eucholoeops group of 
Santa Cruz formation of Patagonia, a distant relation^ip may be . 
sumed on the basis of the comparative lightness of limb bones of the 
Eapalopi^-Euclwlocops type. Acratoenus is even more slender limbed 
than the Santa Cruz sloths, the femur of this genus, for example, being 
almost as long as that of ffapalops ruHmeyeri but of less than half its 
breadth. Howexer, the Santa Cruz animals are the lightest limbed, most 
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generalized members kno\ni anions the Megalonychidje and it is among 
them that the nearest afiSnities to Acraiocnus are foimd. The calcanexm 
of Acraiocnus resembles very mneh that o£ Jlapalops, and the triangular 
canine, characteristic of this new genus, is approximated rather closely in 
some species of HapaJops. Acratocfius seems to have no very apparent 
afSnities with Megalocnns from Cuba, the former being at one extreme of 
the series, the lighter limbed end, the latter being at the massive limbed 
end of the series. 

To summarize, Acraiocnus is a form widely diflEering from other ground 
sloths in such a significant collection of characters as slender limb bones 
(relatively speaking), deep anteorbital fossa, triagonal canines, large 
molars, short diastema between c and pm 4 , no pronounced median, sym- 
physial tongue, low-spined dorsal \ertebrae and depressed, expanded 
caudal vortebnc that its distinctness is readily apparent. Such sugges¬ 
tive structures as the wide caudal and the low dorsal vertebras, the facets 
on the calcanenm calling for a long-necked astragulus, and the limb 
bones, relatively long for tlieir width, call for a consideration of the tree 
sloths, the Bradypodidje, in this connection. It is not the purpose of this 
paper to go deeply into such a ((uestion and the material might well be 
deemed inadequate for such conclusions; but it appears well within the 
limits of possibility that some such form as Acraiocnus may he used 
eventually to throw the two families, the Bradypodidae and the Megalony- 
chidae into one family. Certainly the Porto Rico sloth was not so re¬ 
stricted in its habitat as most of the members of the Megalonychidso and 
if not in part, at least, arboreal, might readily become so. 

Regarding the ago of Acratoenmj the indications point to its being a 
contemporary of the Pleistocene or late Pleistocene i^eriod, quite certainly 
not of a much earlier time. 

irBW QExas OF Hystricomorpit 

The large hystricomorph rodent represented by the nearly complete 
skull and tibe skeletal portions of several individuals proves upon exami¬ 
nation and comparison with considerable material to be worthy of a new 
genus and the following name is therefore proposed for it: 

Elasmodontomys obliquus® gen. et sp. nov. 

Type, No: 14171, Dept. Vert. Pal., from the Oueva de la Ceilm, near Utuado, 
Porto Rico, 1915; collector, Dr. Franz Boas. The type is a skull having all 

^SJamodontmy'i: iXcurfibs, a tbtn plate; tooth; fwt, mouse—^referring 

to the thin plates of enamel that are found in the molars; and oUiQuus ^ oblique, these 
plates being not at right angles to the tooth row, as might he expected, hut decidedly 
ol/lique to It. 
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the teeth hut m iri^htK tuid with the imsiils iiuO llio postorior rii^ht si(h‘ of 
the eraniuni 1 broken awa>. 


DESCUIPTIOX 

M-i/// (Plate XJJI, Fi>. Plate XIV, Fi,i;s. 1-4).—The skull is 
esfaeutially Instnconiorph in general outlines with eight molar tei^tli and 
large aiiteorbital fonestne or passages for the massetor. The outline of 
the skull above is somewhat similar to that of M]iocafilai\ ilal-top])e<I, with 
nasals widening anteriorly, the greatest widtli of the skull just ])osterior 
to the zNgoniatie proeoss of the maxillary, a short sagittal eri'st, and a 
pinehod-in oeei]>Ltal r(‘gioii. The iiudsive foraniina are small and set in a 
deep narrow exea\ation in the palate. Tlie tooth rows are di\(Tgont an- 
terioily and the post-palatal notch reaches to about the middli‘ of the last 
molar. The bulbe are large and (mn})ressc(l laterally. An anterior jk)!*- 
ti<ai of a lower jaw, probably to be asso<‘iated witli tiu‘ ty})e skull, indi¬ 
cates a deep ramus, an extensive sym])h 3 \sis and mandibles Haring ])os- 
toriorly from the s\nn])hysis. 

DenfUion (Plate XIV, Pig. 2).—The teeth present the most striking 
characters. The iiudsors, two in the upper and two in the lower jaw, are 
long, curved and rather sleiuler in proportion to the mo of the skull 
The upper incisors show no striations, Init the louer iiudsor has two well 
defined grooves running the full length of the tooth and showing on the 
cuttmg edge. The iindsors are deeper antero-jPosteriorly tlian broad lat¬ 
erally, and in the lower jaw are noticealdy tiattenod on the inner side 
where each tooth meets its fellow of ±he opposing mandiblt*. 

The molar teeth, four in eadi jaw and all of nearly espial size, are made 
up of a succovssion of thin enamel plates, some of whic*h are slightly 
curved, alternating ^uth l)an(ls of dentine. l'’he enamel i)Iat('s run (* 0111 - 
pletely through the tooth from side to side and their edges may he seen 
lateralh% as there is no eiudrcliug wall of enamel. Then* are (i\e of these 
plates in all of the upper molars and in addition the last two molars lia\t‘ 
a vestige of a sixth plate. The only lower tootli in position, the first of 
the molar series, has fixe plates, and this condition pi ex ails in a number 
of luicorrcdated teeth, leading me to expect tlie loxver teeth to closely re¬ 
semble the upper in respe(*t to the number of plates. Tlie upper pre*- 
molar is subtriangular in section, the three molars an* (piadrangiilar. In 
all the molars, both upper and lower, the plates are set at a pr(>noiinc(*d 
angle to the line of the tooth roxx'. The u])per molars are sot into their 
akeoli at an angle tliat makes each roxx' of teetli flare ouixx'ard from the 
other. Loose teeth show that this is due to a })Togressive curxe in each 
molar, Isegiiuiing with the iiremolar. The curve to m® is ([iiite extreme. 
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the con\o\ily b(*ini> pointed inward and foiwarcl. The molars probably 
ii:rew throughout lil'o, as they are rootlchs and of practically the ^ame 
cross-section at the bottom as the top. 

Measuremenfs: Total leni'th (approximate), mm.; width, back of 
zygomatic process of maxillary (approximate), 4fi mm.; length of nasals 
(estimate), 40 mm.: l(‘]igth of maxillary tooth row, 32 mm.; length dias¬ 
tema, 30 mm.: dimensions of m^, 8 X mm.; length diastema of lower 
jaw, 10 mm.; tiimonsions of pm^, 6 X mm. long. 

Limh htmoR and hunl' tiWlplon, —The skull of Elasmodontomy.^ suffi¬ 
ciently establishes the distiiudness of this type, and a description of the 
otli(‘r hones found must 1)e dcderred to a later paper, making mention, 
howe\er, of the fact that the limb Ixmes art^ in a normal proportion to 
the .Nize of the sknll and arc in most respects Aery similar to those of any 
hystricomorph of this size, 'Myocasior for example. 

nEMAUKS 

Elasmodontomijs seems to occupy a position of its own among the hys- 
trieomori)hs. At the present writing none of the accepted families of 
this section a])peai* to have very strong claims upon it, and this conclu¬ 
sion is not a hasty one, but the result of a careful comparison with many 
fossil types and all of the recent forms. The molars of Elasinodonlontys 
may lie matched aiAproximately in seA^eral families and among the scinro- 
morphs as well as the hystricomorphs, showing that to this character 
undue importance may not be attached, as it is a parallel evolution in 
these differimt groups. But when we couple this cliaratder, the laminate 
structure of tlio molars, to such others as are recognized hystricomorph 
characters, the i)i*c-sonc(‘ ol anteorbital feuestrse and four molars, for 
e.xiimph*, the search for an including family must be rt'stricted to the 
following families,*' the Cavidgp, the ChinchillidiB, the Dasyproctidiv, the 
Ercthizoiitida* and the Oetodoutidte, excluding for obvious reason'^ the 
Old World hysh’icomorphs, and troublesome characters arise in the case 
of each family. Examination of the accompanying plates will demon¬ 
strate these points better than a written statement. It is not unlikely 
that more extended comparisons and reflections anil additional material 
may warrant the erection of a separate family for this most intci^esting 
rodent. 

As the bones of this animal were found <juite well liedded in the red 
stalactite formation, ihe deeper layers of the ('nve deposit, its age may be 
assumed as at least as old as the late Ph‘istocene, and it is plausible to 
eiinsidt‘r Ela.wto(lon(omji.9 as a contemporary of Acratoenus, 


« Palmer’s classlflcation: N. Amor. Fauna, No, 2a, p. 782, 1004. 
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AyyiLxV NE^^ YOEK OF ^OINXCIlt^ 


Secovd Nlw Genus or FTYSTurroMoiMMi 

Fnmi a layer cMVlently higher thar iliat wlnVh ])roROTVOcl Ehmo- 
(hntowj/s came the* ‘skull and mandible of a smaller hystrieomoi-ph which 
pro\e!5 equally as interesting as its larger tomb fellow ami is, like it, 
a]>])arently unknown to science. As it presents characters wicloly differ¬ 
ent from the hystricomorphs of the Antilles and the mainland of Central 
and South America, T propose for it the following name: 

Heteropsomys ^ insulans ^oii, et sp. nov. 

Type, No. 14172, Dept Vert Pal., from (^uova rle la (\4ha. near TUuado, 
Porto Rico, 1915; collector, Dr. Franz Boas. Tlio t>pe skull Is a partially 
complete cranium lacking the nasals, the loft zygomatic areli and the left 
auditory region, but with one incisor and the first two molars In each row and 
the right mandildc with four teeth, the Incisor and three molars. 

• DESCRIPTION 

(Plate XI, Figs. 2-3; Plate XII, Figs. 1-5).—The skull has the 
superior outline slightly cur\'ed from nasals to parictals, abruptly eurved 
downward in occipital region. From the opening hotween the preniaxil- 
laries it may be seen that the nasals are narrow posteriorly, widening 
noticeably anteriorly. The frontals carry a peg-like postorbital process. 
There is a vshort, shallow, sagittal crest along the downward-hent portion 
of the cranium. Fairly large anteorl)itnl feiicstrfc are ])resent and the 
zygomatic process of the maxillary is broad aiul shelf-like. The jugal is 
heavy and wide, es]>oeially posteriorly, where it ])eaps a prominent process 
continued posteriorly from the lower margin of the jugal. There is also 
a low postorbital projection at the suture of the jugal witli th squamosal. 
A shallow excavation, surrounded by a Ixmler raised from ibe surface of 
the palate, is present partly in the premaxillarios, partly in the inaxil- 
laries, and contains the small incisive foramina n( its anterior end. The 
foramina are not median but are widely separated. The ixiterpterygoid 
fossa is carried forward into the palatines almost as far as the anterior 
border of the third tooth of the molar series, thus forming a very exten¬ 
sive V-shaped post-palatal notch. The bullse are of moderate size, evenly 
rounded but slightly compressed laterally. Short parapophyses are borne 
by the exoccipitals. The foramen magnum is very large proportionally. 

The mandible is ^ery similar in shape to that of ProscUmys. The 
coronoid low and narrow% there is a broad shelf-like masseteric ridge 

^BeteropBomjf»: Jrepos, different; 6^, aspect; /xus, mouse—f. e., mouse of a different 
aspect. 
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and the posterior portion of the ramus is expanded and deep with a con- 
eaA e border. 

Dt’ntilion (Plate XT, Fiffs. 2-3).—The teeth of TTeteroimmyx arc of a 
highly specialized type. They arc considerably worn and the primary 
pattern is. on this account, lost, but the crown surfaces are none the less 
distinctive. The incisors are small and of the ordinary enrved rodent 
type. The molars, four in number in each jaw, are all nearly e(|nal in 
size and have a prominent median lateral indentation or infolding down 
the side of the tooth, the fold being on the inside of the tooth above, on 
the outside of the tooth in the lower jaw. Within the crown surface of 
each tooth and more or less isolated from one another by the dentine are 
little hollow, flattened tubes of enamel, three in number in the upper 
molar'' (only pm* and m* present to be examined), two in the lower 
molars. The molars are two rooted, the roots being short truncated cones 
in appearance. 

Moa<fvremf7ils: Total lengtli, 69 mm.: zygomatic width (approxi¬ 
mate), 40 mm.; width of brain case, back of zygomatic root of squamosal. 
27 mm.: interorbital width, anterior to postorbital processes, 18.5 mm.: 
alveolar length of maxillary tooth row, 1-J.5 mm.: length of diastema. 17 
mm.: dimensions of m^ 3.5 X 4 mm.; greatest length mandible, without 
incisor, 44 mm.; alveolar length of mandibrdar molar series, 15.,') mm. 

ITfiii’ro/mmyK apparently requires no lengthy comparison with any 
known genus. Its distinctness when compared with any of the mainland 
hystricomorphs is immediately evident, and becanse of this fact it is not 
advisable in this paper to attempt to place it in any particular family. 
k possible later discovery of more material* in Porto Pico and a better 
understanding than that prevailing now of the relationships of the di¬ 
verse families of the hystricomorphs is necessary in the case of Heterop- 
xomys as well as in that of Elasmodoiilomnn. 

This rodent is doubtless of a later age than either Acrafociius or EJas- 
modontomys, judging from its position in the cave deposits and from the 
appearance of the bone itself. While one may not be justified in consider¬ 
ing it a contemporary of Ixoldbodon, considered by AUen® as exterminated 
by the natives in recent times, at least it could scarcely have been earlier 
than late post-Pleistocene. 

* Specimens with unworn teeth may revoal points on the evolution of the molars now 
Impossible to surmise with accuracy. 

• ALtmj I e,, p. 22. 




PLATE Vll 

uMuit or Acratocnus odontrigonus 
% 

Fio. 1.—.inleiior as^pect (nat size). 

Fig. 2.—View of pi*oxlmal ead, showing head ot femur {nat. size). 

Fio. 3—View of distal end, showing condylar snrtaii? (11/10 X nat ^). 
Fig. 4.—Posterior aspect (nat size). 








PLATE VIII 

I IMS BON^s OF Acratocniis odontngoniis 

Fig 1—Internal aspect of femm (uat siae) 

Pig, 2.—Posterior aspect of tibia (11/11 X nat size). 
Fig. 8.—View of distal end of tibia (12/13 X nat size) 
Fig. 4.—>View of pioi-imal end of tibia (nat size). 

P^G. 5.—Posterior aspect of fibula (nat size). 

Fig. 6—Unguinal plialanx of fore limb (nat size). 






PLATE IX 

I nfB BONES AND \utrEiiitiSi OF AcTstoeniis odontrigonus 

Fig. L—Anterior aspect of left bumems (approsdmatel? nat size). 
Fig. 2.—Interoal aspect of left hTuneras (approximately sat ^ze). 
Fig. 3.—Proximal half of radios (nat ^ssa). 

Fig. 4.~-Galcaiieam, showing articulating surface (1% X nat size). 
Fig. 5.—Dorsal aspect of caudal vertebra (1% X nat size). 

Iba. 6 l—L ateral aspect of dorsal vertebra (11/T X nat size). 

Fig. 7.— Lateral aspect of axis (11/12 x nat sizei. 
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sKru, OF Acmtocnus odontrigonus 


Pio. 1.—Lateral aspect of rostral portion (H^‘5 x nat. sizeK 
Fig. 2.—Dorwil aspect of lustml portion (11/.*} x nat. sizci. 

Fig. A—Internal aspect of left mandible (aifproxiinatel) nat. size). 

Fig. 4.—External aspect of left mandible (approximately nat size). 

Fig. R.—Internal view of broken anterior portion of ri^t mandible (approxi 
mately nat size). 

Fig. ft.—Median sympbysial portion of mandible, sho^ring alTeoll of canines 
nearly meeting at base (approximately nat size). 
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PLATE XI 

sicms OF Acratocnns odontrigonus and EeteropsomTS liunlams 

Fiq. L—Palatal view of rostral region of Icmtoonw (X1/3 X nat size). 

Pig. 2.—Palatal view of Heteroptomys, showing pattern of molar crowns (2 y 
nat slzel. 

Pig, 3.—Orowu view of mauOllmlar molar series of Betmpmnys (2 X nat 






PLATE XII 

SKULL OF Heteropsomys insnlaas 

Via. l^koll vievred from above (11/13 X aat. size). 

Bte. 2.—Lateral aspect of skull (1 1/U X nat. size). 

B!i 6. 8.--Palatal aspect of skull (11/14 X nat size). 

Fio. 4.—External lateral aspect of right mandible (1% X nat. size). 
Fig. 5.—Internal lateral aspect of right mandible (Iti X nat. siza*). 
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PLAT® XIII 

SKULL or Elasmodontomys obUaims 

fia. 1/—Palatal aetpect ot skull (1% X uat size). 

Pig. 2.—Lateral aspect of skull (1^ X nat size). 

Fig. 3.--lxtemaI lateral aspect of left mandible (slightly more than nat size). 
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J\TU()I)r(TIO\ 

The area li’liOvse ])hThiography is considered in the present chapter is in 
the Cascade Stountains oJ! Washington, latitude 47® 40' N",, longitude 
181® rlO' W., al)out 40 miles east o£ Seattle. The surface is extremely 
rugged and is clothed \nth a dense, abnost impenetrable grouili of under¬ 
brush or forest. But the difficulties of traversing the vrooded valleAS ur 
climl)ing the stee]) mountain sides are amply repaid by the e\erehanging 
grandeurs of these alpine mountains. The valleys, too, have a vrondrous 
(barm, with their swift dashing streams ainl losely lake.^ of elitf-iuelosL*d 
water. Fv^v ti'ails, a single railroad and the recently constructed Cascade 
Higliway furnish ingress to this little kno^vn part of the State. Three or 
four small hunboring towns in the main valley gi\e shelter to a small 
population. But in summer there is an ever growing nunil^er of recrea¬ 
tion seekers who pass a care free week or two in this mountain wonder¬ 
land. The writor^s home is in one of the small towns and the facts for 
this clmpter have been accumnlatod during the summer m<»iiths of the 
past few years. ^ 

C^UAUAC-TnU OF Till*: rPLiiT 

Standing on any of the needles that rise to an altitude of ooOO feet or 
more, one lias an unoI)htru(b‘d ^iew in eveiT direction. Hundreds of 

' Miiniwcript n'coIviKl hi thi' Kditor 21 Jntio, lOlti. 

(^or)) 









1\\1/.*S \/;u )nuh iri/)/;i/i o/’>sr//’\r/’,s 

juMlv" ol about till* siiiic oloNatioii mm* m tlu* distaiKo, bill ii{HU‘ bij^li 
tMioui-li i(» (lit oir the \ista of .still iiioiv (listiiiil iu‘aks. More Ilian lOu 
iiiili“^ to till* north tln‘ Nohann (ono ol JH. Ilakin* anil an t‘(|iial dusiaiUM' 
l<i ih(‘ M)uth Mt. IJaiiiior loom up iiiio tin* iiidd ol onoV msioii as Ibo (‘\i‘.s 
lest on tlio laountainoii'^ landMa|>(‘. Tho (MU'liaiitiMl inountaiiUHM’ is im- 
{HVssed ^\ltll the in*anu‘ss ol thus* inajostn, pun* white i*ones, and llie 
idea ouiir^ to him that ir'onl\ one emild till the di^pressious between 
p(‘aks, the Mirfaie would Ik‘ pmttitall\ level. II sneli a thiiu; wuto 
aitiialh done, tin* result would lie what ])h\siooi*M])hei‘s (all au upraised 
]»ene]»lain (Fi-*. 1). 

Tin (\i'-t(‘n<e (d thi'- peneplain is o(Mi(‘rall\ admitted. RusstdH ('all(‘d 
it tile '*raM‘ade IMateau" and various sulKst‘(jii(Mit writers have used the 
lir^t hair <d' tlie term, rephuin^ the second with Midi e<|m\al(Mit teiins as 
’^"uplilf’ (Whllisi. This u])lilt(‘d jieneplain will be lallial the (bis(*ade 
]ienoplaiii Tor tlie purposi‘s of Hu's ])apcT, 

The eliaraeter of the derurination ivaulting in the pliiti‘aii must l>(‘ 
worked out Ironi a study ol the raii^e as a W'liole, J5()0 srpiare miles Ixuny 
too small ail area in vvhieh to do more than apply such ])riiii*iplos. TIu'st* 
priiieiples are two in muulier: 

1.^ The oaiiso of uplift of the t’aseaile peneplain is to he found in (*oin- 
l»ressive stress aetiiio on materials Indovv the outer crust, the siirfat'O 
do formations heiii^ iiKM’dental results of siudi deep-seated strains. 

2S* The slow and ^i>radual ujilift of the peiu‘plain was aeeoiupanital hy 
local w'ar]iiuos whose ])arallel axes lie at an an^le to the jiriiuapal axis of 
the U])lift. 

(traiitiii^*' the lirst of tliesi* ]>nn(*ii)lt‘s, the sei'ond luxals no furHuu’ 
proof, since any irregularity in the surface, in the coiniietiMU'v of th<‘ rock 
structure or in the diretvtion from whiidi the pri'ssnre of defonualion was 
applied, would result in suclf warpin^^s of the surfaiM*. 

The northernmost w’arpinp: in tin* Sno<|nalinie <|nadran^le is I'alliMl the 
Wenatcliee Vjdift. Treiidin^^ wtsI of north, lliis nphft included all of 
the mountains south of the Skykomish IJiver lyin^ in the Skykomisli 
<|Uadran^*le. The mountains north of the Kkykomisli River seem to he- 
lon^T t<» a scjiarate uplift. Weaver has called them tin* Mkvkomish Moun¬ 
tains (Fig. 2) and they will h(»re be called the Skykomish Uplift.'* Tin* 
presence of the well defined Ijjkykomish Bavsin, wntli its gentle s1o|k‘s risings 
southward and its stagier slojies rising uoithw’ard, st'ems siiHudent tui- 

- T. C. UrssiiLL: UOtli Ann. Ueport, TX S, <1 W., pt. 2, p. 1-44. 

Uaiuu Willis : IX S. (i. S. rw)f. Paiwr 11), p. sr>. 

‘ Itlem: l*rof. V.K p. 1)7. 

’'iihm: Prof. Paper 10, lUOa, p, 07. 

<*iX K, Wi’Avnit: UiiH. 7, Wash. Ucnil Surv., p Ol. ll»H. 




Fra 2— Zlounialn^ at Ticrlhi. t^hulomhlt Jiha In foictfrountl. 








M//y// rin ^rin of ^aw\oi//v// /ns/\ >0 

(lum to i(kntil\ tin sk\k()ni)sli I plill is \ sc|)i]it< wiipiiu <>1 tli 
( 1st 1(1( nil (I >) 

Willi^ Ills sliouii iiiitliiniituailx tint Hr i him oj iiplilt < 1 lh< ( is- 
( ult iHiuplain ol wliiKxci natuu itjiiu In w is tiu Hsiilt<tl ilKpscitt"* 
sliaiii TIu stilly i\ 1 ^ iliu to a (listiiiliinit ol isosIiIk n|uilibiiuiii. 
Tills distillhnut iiuu lia\i htiii diu to Hu tiuisUi ol mitiiiilii xltd in 
Hu lomutioii ol till pi iR plain Hiiis ikiuasini, tiu loid on tin pim- 
plunul bloik ind nuu isin^ it on tin idjuuit bloik Viudlui po«‘Sj1)]t 
t HIM ol tin distnilmui inulit bi loiind in miw^matu inoitiuiits usult- 
nu in tin Mik niMi ind bitholithn intiusion ol tin Alioniu Hoik iL 
Hum ini\ liiM iitid In tin Sk\knni'-li Ibisin Miotiu unions loiks 
m Hkitid 1 h tin pliintion ind lu nuliidtd m tin iiplilt 1'ln ii loi 
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is to be seen. All these topographical Xoatiires arc characteristic ol an 
area in wIiilIi alpine glaciation has been active. 

The vallej of the East Fork of Foss lUvcr inaj sor\(‘ as an example ol* 
a glaciated valley (Fig. J); one partienlarly jin])rosso(l with Ibo steep¬ 
ness of the valley walls. In one place the valley wall rises 3000 Ccet in a 
horizontal distance of 3500 tect. The valley floor is half a mile wide and 
licvoiid this the oi‘)i)osite wall rises steeply again. Another excellent 
trmiuh valley is the one occupied by Deception Creek. Trough lakes are 
nuiueroiis. The largest oC the lakes of the Skvkomish Basin, Lake 
l)orothv% IS prol)ably the best example. It lies m a hanging trough valh^y 
whose sides rise pri'cipitately aliout 1500 feel on either shore ol the lake. 
Passage along the lake shore is hazardous or inipossildc because of this 
stccimess. The lake is deep and pours its winters over a solid giMiiodiorite 
hairier througli a nairow aorge vvliuh Jnis apparently l)een cut siiuv 
glacial xeti’eat. 

Tlierc are innumerable examples of cinjues, such as tliose occupied by 
llnlacliite Lake and liy Crystal lake. The walls oL* these cinpies use 
jircH ipitoiisly for 1000 foet 4 and the sight of a score of cas(*ades tumbling 
into the horseshoe-shapod liasins with a mingled loar and hiss as they 
fall into the pooL^ which their energv has hewn i*^ one that once seen is 
Jorever retained as one of tlio magnifueiit memories of momitameermg. 
These cinpies an* more often than otherwise occupied by tains, or slial- 
low, circular bodies of water, scores of which are mapped, liesicles other 
scores which escapeil the cariographor's attention. 

Hanging valleys are frequent, but ])t*rhaps the finest and most ])ictur- 
cs([lie example is the one oinnipied bv Lake Katharine (Fig. 5), It hangs 
1300 feet above the West Fork of F(»sh Diver. The valley is evc'ecdingly 
steep-walled, and the vista o])ened before one 'standing on a cvammnuHng 
height at the lower end displavs the whole length of tlie liox-like valley 
with its extraordiiiarih lovclv sheet ol w'ator, ndlecding the snowv moan- 
tains at its head. Turning down '^trealn one* can sei* a narrow spillway 
along which the huiiuhig water plunge*^ to a h*coiu1 lake several lnindi*ed 
feet Ivelow. and heymd thi^ a siniihu chnti* timt gives outhd to Foss 
Diver more* than TOGO feet lieluw. 

Serrate ridges and alpine peaks will lie eonsideroil later. Possibly the 
liest occurrence is the southeast tieudiug ndge tliat Jonus the apex of 
the angle between the Skykomish and Beckler liners. Truncated spurs 
are well shown at S in the block diagram (Fig. (>). 

Till-covered vallev walk oiviir along the ^Sk^komlsh, Beckler, Tyo and 
Snoqualmie Divers. Near the confluence of Martin Creek and the Tye 
Diver, this boulder clay extends 250 feet above the stream level. Its 
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in<*asiin‘(] ]u*rj)i‘n(li\*iihir to t!u‘ \alL‘y i> \iirinlile hnl iiomm* 
Fi\(‘ mii(‘s fartlier west, near tlie eonliiKniee of and 
facial till nc('iir< to an estiniat(‘(l liei^rlit of del) IVet al)ove tin* 
water. It is lilled witli iKAiIdiws from tlie <ize of an up to ^n’(‘at, 
roiindiM] in(li\idiial" W(‘ii>-hin^ a t(ai or more. This till shows little^si^n 
of weatlundn^ii’ and prohahlv helonirs to the last ,u*laeial advaiU'e. Bretz 
has desoi'ilxMl similar \alley till on the ^liildle lM»rk of the Sno{[nalmie.'’ 
'Pliere is no e\ ideinv of any <*arlior till to seen in tlie Sk\kornish Basin, 
it jn’ohaldy ha\in,i>' been (Uitireiy reimned liy tin* last i»laeier {^"asllon) 
that oeeiipied the \alhn. At Berlin, ten jnili*s Ixdow Martin ('ri‘t*k. there 
is Idne .u'hndal elay whieli <•('{•111''* in lenses in the iidaidal till on the \alley 
sid(*s to a hei^iiit of oiM) feet aho\e water le\el, l>r(‘tz ha*- estimated tie* 
thiekiK'ss of llie Pu;^et Sound (Jlneier, wliieli wa^ of tlie Piedmont type, 
ori,ii‘iiiatin^' in ie<‘ eoniiiiii’ not aloin* Troin the (’ase-ade Aljuiu* judaeder*-, 
hut also southward from British <‘oltiinhin, at looo hud.”' My own oh- 
M‘r\ations tend to sliow that the ^iirlai-e of tlie iee wa*^ almiit JVet 

nho\(‘ sea h‘\el at Berlin. About BtOO feet of tin* Piiiret Souinl iee wa< 
helow pn'seiit M‘a li‘\(‘l. Inasimudi as (*oiisideral>le uradient wotthl he 
juM-essary Tor iee to thn\ down to a eonl]ueue(‘ with tin* Pi(‘(linont Ulaeit*!', 
only somethin;!: less than PjoDD feet eniild he allowed for the tliiekness of 
this IhiMlmoiit toii^iins an amount in diserepainw with Bn*tz's li^irure. 

Idle draiiia,uH‘ modilieations due to ;;]aeial moraim*^ w'ere not speeial].\ 
studie(h From ohsinwatioiis near Berlin, liowever, it w'ould appear that 
matmn’al (l(‘pnsit(Ml from tin* .Miller Biver iBacder has erowded the Sky- 
komish Iti\er to the north w'all td' the latter streanPs \aileu Then* are 
man\ oilier minor modilieations, hut Tli(‘\ an* of lilth* imporranee. 

We IniNt* s(M‘n thus far tin* forni'^ (d* lopo^rapliy due to ;:laeinl erosion. 
]yi‘i us now eonsider the rmnnanis of tin* mountain rid,n’<'s hi*tw’een whieli 
the \alley .lihieicr (*llV(*ti\<*ly w<»rked. Tln*se ma\ Ik* ronsideivd iiinh-r 
threi* divisions: lii’si, s<*i*nile ridges’, '^ei'ninl, aljiiiie pi'als"'. third, ]M*e- 
i^Iaeiiil ujilainls. 

With few' e\repti<»n^ ail the ridir<*'H are M*rrated. .V -errale rid^ie or 
arete is prodneetl ii,v headwanl de\eh>piuent of einjiu*>” or^- hy troujirh 
wideiiini^. ddiese leave tin* “iBIiiioin*” edjm'S s»> eliaraeteristi«* ol five 
uorilit-rn rasi-ade>. 'Pile h<*st eN*imple in tin* Skvkoinisli Ba^in is jindi- 
ahlv tin* ridj^v st'paratiii,-!: the We^t Fork of Foss IJivev and the Bast Fork 

'M. tl. Uurrz' ut tlie I'nufl Suimd Wn^ti. S. mill. .Vu. s, i). 
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ol Hiller Eiver. One is immediaiel.^ inij)r(.\^se(l—iirht, witli the narrow¬ 
ness of the ridi>e; second, with the Ton^>h]y triangular shai)e of the t(»eth 
of the comb (arete), and third, with tlie abmidanoi^ of eircjiies, many of 
them occupied by tarns, on either side. This ridge is not scuTatod more 
than normal in the district, for nearly e\(‘ry erost lin(‘ is a narrow, jagged 
series of cliffs always dilEciilt to tra\erse. 

The trigonal pyramidal teeth, A\hich are referred to above, are not 
irregularities charactori^^tu' of the ridge crest. Kcarly every culminating 
peak of sufficient promincnoe to Inne attraett‘d a name to itself is a pyra¬ 
mid terminating upward in an aj^ex, so sharp that not nion' than a dozen 
men could occupy it at oik'o. Tln^se points ha\e been called ‘^lorns’’’ iii 
the Alps, e. g., Matterhorn, Droieekhorn, etc. Locally they are ealled 
“Iiay-staeks." ITpually tliey are accessible only from the southern sl()])es 
l)0cause tlie northern fatu* is ])recii)it(ms and ])roseiits from a few hundred 
to a thousand feet of almost vortical cliff face. It is at ibo fool of this 
noiHihcrn fa«^c that the small cliff glacier exists, largely because it is there' 
])rotc-cted from the suid*:! lieat throughout most of the day. Standing on 
one of these ^diorns'' one can count a dozen others at \arying dibtaiK'(‘S in 
e\erj’ direction. Certain areas at an elevation of 6000 feet are eharaeter- 
ized by rolling surfaces which arc comparatively smooth (T in Fig. G). 
Tliosc are interpreted as ])arts of the peneplain not affected by glaciation. 

niLviXAon 

The climate of the northern Cascades is leniperaic. Tn the larger 
^alley bottoms the tem]»erature never falls below 0"^ Fahronlioil, nor rises 
above 100° Fahrenheit, and the daily variation for w('eks al a time will 
3Lot be m<»re than 10^ alcove or l)elow 40° Falirenheil. The area li(‘s in 
tlie l>elt of ]>re\ailing w(sstcrlies and for a i>r(*])on(lerant portion of llu' 
seasons the air moves inland from the Ihudlie 0(*eaii, afb'r bt'ing wanned 
by the Japanese current. In the wdnter, this w^arm wund blowing from 
the aouthw'est will melt snow wdth surprising ra])idity and 11u‘ great 
floods of the year result. They immediately follow the ]o\V(‘st stagi' in 
the river run-off—that is to say, about XoMuuber lo, following ilu' 
miniimim run-off period of late October. In the spriiig, the uudting of 
the winter’s siiowfall siLstain^ the nm-off well into tlio summer, and it is 
not until about July lo that the streams begin to lose volium' markedly. 
The months of Jamiary, February and March aie tliose <4* least run-off. 
Such a regime has been ealled ‘^ali)ine" in Europe to descril)e streams 
rising in the high Alj^s and fed until midsummer by melting snows 
(Fig. n. 
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Tho soutinvest guilds, lioiuily .satuintod witti warm watorw from Hu' 
Ja])an (mrreiii, are oonipollod io rise lOOO foot or more in crossing llic 
CWadcR, As a rosnlt of tins ris(‘ tlio ])mshiiro of the o^or]y^^l^ atinos- 
])lioro is r('tlii(vd m) iliat tlio air loses demsity and tho tGm])oratiiro drops. 
Tliis tends to oaiiso lioa\y in'cc'ipitatkm, and in fact the moisture is so 
completely takeii from the atmospheric currents that eastern Washiiijgjton 
has a semi-arid climate. 

Precipitation comes (*hiefly in the months of minimum temperature 
and a ^cry large proportion of this precipitation is in the form of snow. 
At Cascade, a little way donm the eastern slope of the Cascade Moun¬ 
tains, and just east of Scenic, Jj. C. Shafer says 110 feet of snow foil in 
one year.^* 

Willis lolls us that the (‘aiiyons of the Cascades were cut to advanced 
youth in the Twis]) or pro-glacial stag(‘. The canyons were over-deepened 
to an unknown amount hy ghudation in the Chelan stage and lu* gives the 
name Stehokiii to tho stage succeeding glacial occupancy.^'** 

Little can l)o said of the Twisp stage; there are hut few uuglaciali‘d, 
eliwated areas and all valley sides ha\(‘ boon affected by glaciation. A 
majority of them ])rescnt the straightened courses and tho nearly vertical 
walls whidi are characievistic of ali)mo glaciation. Those ^cTtica] walls 
•rise to a height of hundreds of feet, but the pre-glacial slope l)cgijuiing at 
the upper limit of tlio ^ertieal wall has been so inodiriod by extrenndy 
aoti\c g(‘ologi<' pnK-esses of ice, water and insolation that no accurate data 
of oicr-dce])(‘ning arc Ncntun^d in this ))a])cr. though it is prohaldo that if 
the extent of sutdi ino(lifi('ations eould be determined more or 1(‘sk relialdo 
information ('ould 1)(‘ oldained. 

The amoniil of St(*hekin eiitting Aaries A\ith varying factors; (lie (l(‘|)th 
of the stream gorge of l>or<»thy (bvek is about df) feet and this has a]>- 
])ari‘ntly be(‘ii (uit In swiftly running, hut sediment free, wafer. Malomy 
Creek runs in a gorge about SO re<‘t deep, but Inwo the erosion luis lavn 
ehietly in Ko(H‘ne sediments and hy swiftly running wat(‘r ahundantly 
proiided willi ('uttiiig tools. The ({rent Falls of Miller l?i\er seem to 
have retreat(‘d in resistant granodiorite a distance of some lU) feet. Many 
other (‘xamples (uuld h(‘ cited, hut they would <mly slunv that Hteh(‘kin 
cutting has be(m comparatiiely slight and therefore^ tlie stage is not liU'y 
far progressed. This means that at a eomparatively ri‘eeiit time tho 
tributary a alleys of the Skykomish and Rnoqualmie Itiviws Averc oecu|)i(‘d 
hy glaciers. 

»T). i\ SfiAi'lii; A WMforfnll io Ilnul MoinittOn Tmlus, AA’orld's AVorK, Vol 17, d. 10. 
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Till* tvpiM)!'(Ii'aiiia^r in tlu* Sk\koini.sh IJiisin is nu'diinn and 

ith pattern d<*iidi*iti('. Of tlu* iioi) Mjiiaro inil(‘.s iiududnd, \(‘n IVw lia\t‘ 
no stroain of inapa))li‘ .size, wliih* many lia\o a^' many as six. ^IMu* nnwior 
streams Jnui* a (-oiivm* ohli^jiit* to tin* iivnd of (lu* mouniains. Tlu* s(‘t*- 
(jiidary str(*am.s an* jiarallel to tin* axial trend and tliose of lessor ordm' 
an* deiulritie. The South Pork of the Skykomish and tlu* Middle Pork 
of the Sn()(|iialinie are the mast<‘r streams. 

Erosion of the (‘aseade iFoniitains had rea(*h(*d a mature sta^e hefore 
fh(‘ir oeeiipaiu'y hy ^Imders. These* ^laeiers continued their Avork lou.i» 
eiuuigli to destroy iu‘arly all the j)re-^la('ial upland (Pi^. h) and so r(‘a(*h 
a sta^e of matnrit). Pri‘sent <la\ drainage is lar^*i‘l\ throii^li ^ulaeial 
troughs wliieh are eharaeteri5J{*d h\ preedpitous (*an\on walls, han.uin^ 
\alle\s and some* imdraiiu‘d .swamps,and inunerons lake's. 

l}i:L\Tie>\ OF Toeoent veiiA to Ukolooa 

AVe lm\e seen that the* major (Wade peneplain hael Avar])in^s whose* 
axes Avore ohliepie te) the ])rineipal (^aseade axial trenel. Twe) e)!' tlu'si* 
AA’arpmgs, Avhieh seem to 1)0 idemtifiahle in the area iineler disenssioii, we* 
have called the Wenatchee and the t^ascaele Me)iintains. We ha\e seH*n 
that these Avaridn^as have* a gentler sle)po te>ward the north. The peissi- 
l)ility that the stee])er sloi)es might he fault esear])monts has been ])e)int(*el 
out by Weaver,^^ but neither he nor any other writer ha\e round any 
direct evideiu-e of raulting and at present the unsymmedrical lolel li\- 
}K)thesis se(*ms more defensihle. 

It seems possible that some relation exists l)e*twe(‘n the present elrainage* 
system aiul the original structure of these (olds. Some fiitun* work may 
explain this relation, Imt at ])resent insuincient infonnaiiou is at hand to 
justify any genetic classification of the rather complex drainage system. 

Streams and glacial corrosion Inue product*d many sharp pt‘aks. The 
highest of tliese is IhHO feet in elevation and Ii<*s on tlu* dividi* hetwe(‘n 
the Colmnbia and the Tugt‘t Sonml watersheds. A IVav other (*le\alions 
reach 1000 feet or oNor and many k*ss(*r peaks approat'li this height. All 
those above lOOd feet are on the t’as(*a<le Divide, a condition wlii(*h is 
not in act*ord with Smitlds observations in the Smuiualmie Quadrangle.^" 

The relation hetweeii kind of rock and type of to])ogra])hy must lx* 
stated cautiously. It is notable that tlie higher mountains, siudi as Dig 
SiioAA", In<k*x and others, are in i)lutonic igneous rocks. Tlut on tin* otlu*r 
hand, AA'hite Horse Alouutain is in Eocene saiulstone. The high p(*aks on 

^*'(X E, AVi’AMUi: In<U‘x Mluhis* District. Unll. 7, AA’iisU. (Icol. Snrv.. e, lUl'J. 

<). Smith: ContiilMiiUms t<» the tuolotty ef Washlrj;n>n, I'i'km* r*. ]>p, :’*r» 
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llic (!i\i(li‘ iiH'iitioiu'd niv caned I'l’iim (lie "niiuidionte liatliulith, 
with (he |)(i('!'dde e\c(‘|iti()ii (d‘ the \en liiiilie'-t of all, wliidi wa^ iiiiev 
]iloivd liy (he writer. 

There are a|i|tareiitl\ stroiicer crtimidh lor statiiii; a relation liei\m*n 
draiinif^e and rock liiie. The loii”, itearl_\ ,'>traiaht. north iiinl siiilli ialle\. 
oecu[)iod in turn h\ Ihvkler l{i\erand In the Foi'S n (leieloped in Moceiie 
sediraentaries and waf- \er\ prohahl) de(enniii(‘d h\ the le''!'er rehidanee 
to 1 ‘orroi'ion olfejvd hy tlicH* terranes. The trjjnd of (he \all('y eorre- 
s]ioiidH wdth (he strike (d' tlie rock strata. It will he seen at a jfhnu'e (hat 
a stream lik(‘ Miller Iii\er, which is (|uite aiialouoiis in nearness to base 
]e\ol and in size of drainaire basin and Iumicc in \(dume, has succeeded 
far less sfrikiiij;!) in cnttiiif^ its \alh*_\. The position id' tin* iiia-'ler 
streams has no known relation to rock typo. 

tSi .MM \in 

The Cascade peneplain was nji-nrclad in Pliocene time willi a ma'tli- 
soiith axial trend. Orofrenic processi's resulted in nnsyinmetrieal surraee 
war])ing with an a\ial trend ohlupie to that id' the main Cascade uplift. 
Jn the ])r('-alacial staf>e tliis was maturely disstaded and in the I’hdsto- 
eiaio, due to chaneed (dimatie conditions, was burdened w’itli alpiiu' ffla- 
eiers. These produced a mature topogra])hy cliaraeteriziMl by splendid 
e.\am[)les of peak, einpie and \alley ghudnl corrasion, lea\in;> the siirfaci* 
excessi\’c*ly rufrged. The post-f^hudal stajte has been <d‘ short (lnniti<m. 

The local climate fa\ors rapid destruction of land forms. Precipita¬ 
tion. 1nrf>ely in the form (d‘ snow', is unusually Jiif>h, due to the rising; o£ 
warm, moisture laden southwest winds in passing the hiojli Cascades. 
This is nceompani(‘d by a hijth ruu-oll‘. with the result that sln'ams (d* 
niapable size and coutiiinmis (low are \er\ numermis. The druiua}!;i‘ ])ai- 
tern is dendritic and the land surface is maturely disseided by both 
streams and jihiiders. 
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PAETI 

BsP/iANATlON OP THE AOTION OP THE AtJHION AS AK AmPUPIEB AND 

AS A Detec’tok op TIigii-pkbqdenoy Oscillations 

Although the aiulioa has been in use for several years as an amplifier 
and a detector of high-frequency oscillations, the explanalions advanced 
to account for its action do not appear to be satisfactory. With the idea 
of pointing out some features of operation wliicdi heretofore do not seem 
to have been appreciated, file following explanation and oscillogratne are 
given. 

The audion is essentially an electron relay; that is, the exhaustion is 
carried to such a point that the amount of gas present is exceedingly 
small, and the current between the hot and cold electrodes is cntii'dy 
thermionic, the absence of gas mahing impossible the presence of posi¬ 
tive ions. The operating characteristic of such a relay is shown in Fig. 1. 
This characteristic was obtained in the manner indicated in Fig. S. The 

^The material for the present article appeared In part In the BledricaJ World De¬ 
cember 12, 1914, and in part In the Proceedinos of the Institute of Padio Pngineeros 
September, 1915. It bus been combined, revised, and imrdy n»wrltten for the present 
publication. 
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potential ol‘ the |>ri(l tt'ith respect to the filaincnt was vaj’iecl in step be- 
t^veen —1(1 and +1(1 volts, b) means of the poteutioiuetcr /', correspond¬ 
ing readings of the gri<l voltage and wing current being taken in order 
to plot the curve of Fig. I. The characteristic shows tliat, starting witli 
the.grid and filament at zero potential dilferemv, a negative cliarge im¬ 
parted to the grid produc'cs a decrease in the wing current and a positive 
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charge imparted to the f»ri(l produw's aii in(*rea«e in the winj> 

This is the futidameutal action of tlie audioii wlieii used oitlior as an 
amplifier or a detecror. The reason for this action will appear upon ex¬ 
amination of the heha\i<)r of an audion of tlu‘ typo shown in 3. 

The wings of the audion weix‘ placed hyinmetrically with ros[)eet U\ the 
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filament, but only one grid was employed. Tt was found that, under 
similar conditions of filament temperature and voltage of the battery 
a considerably smaller current was obtained between the filament and 
plate on the side in which the grid was inserted, fn both measurements 
the grid was left entircly free of any connection with the rest of the ap¬ 
paratus. Obviously the grid obstructed the flow of the thermionic cur- 
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rent, linohti^ation showed that thih was duo to the oliar;>o a(‘(‘iiiniilating 
on the grid whcMi exposed to l)()ml)ardmoiit by the elo(*trous passing from 
the filanncnt to the wing. Hie elcotrons pass readily enough into the 
grid hut oaniiot (‘asil} escai>o from it, and as a (*onse(iuen(*o of tliis, nega¬ 
tive electrioity piles up on the grid. The potential assumed by the .grid 
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Wing 
Current 

Fi<». 4 Kn,. T) 


GrtSivH^ 



when exposed to this bombardnieiit may Ixi several \olts negative with 
respect to the negative terminal of the filament, it may be the same as 
the negative tenuinal, or it may be positi\e with respect to the negative 
terminal, but it will always be negative with resiieet to the potential of 
the field in the jilane of the grid which would exist if the grid were re¬ 
moved from tlie bulb. The n(‘gati\e (diargo on the grid, therefore, 



Pig. « 


impedes the flow of electrons from filament to plate, causing the docrease 
in the wing miiTPiit. The jilaoing of a posiii\e charge on the gi‘id from 
an external source tends to neutralize the negtitive charge on the grid, 
thereby pennittiiig an increase in the wing current. Hk* addition of a 
negative charge to the grid iii(‘reases the deflection of the electrons and 
produces a further d(K-reaso in the wing current. 
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An altcniatnif* K. F. iin})reN>cd betwoou the grid and the filament 
causes \ariatioufc in the wing current in the manner inilicaled in Fig, 4, 
the positive alteniatioii jirodueuig an increase and tlie negaiive alterna¬ 
tion a decrease in tlie inng current. Tins is the action involved in the 
audutii nhen it is used as an ani]>lifier. 
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To substantiate the above and other actions, the writer, working in 
conjunction witli Prof. J. H. Moreeroft, of Cohimbia University, has 
secured oscillograms which substantiate the idea just presented. Fig. 5 
shows the aiTangements with which the test was canied out. 

Osall<rtSn$ 


BotentHd 
cfOriet ft 
mth 

respecttol 

Filament 


f-Til01/lAA,-— 


Wng 

Current 


- 




Fi(,. 0 

The potentiometer P was used to adjust the grid to a potential corre¬ 
sponding to point F at the center of the operating part of the curve 
shown in Fig. 1. The audion is capable of handling the greatest amount 
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of energy as an amplifier when the grid potential is adjusted to this 
point. Fig. 6 sliows the oscillogram of the action as an amplifior. The 
result bears out the explanation already given. 

The action of the audion as a detector of high-frequency oscillations 
is quite diHoicnt from its action as an amplihcr. Since the im*oming 
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oscillations are of too high a frequency to affect directly the telephone 
receiver, the audion must he so connected and adjusted that the cumula¬ 
tive effect of n group of oscillations in the grid circuit is translated into 
a single low-fivqiiency pulse or variation in the telephone current. This 
may bo done' in two ways, one depending on the non-linoar form of the 
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operating' ebaracterihtic o£ tJio audion and the other depending on the so- 
called “valve’' action between hot and cold ch'otrodes at low pressures. 

Pig. H shows the connection need for operating in Uie first-named man¬ 
ner. The ])otentiometer P is employed for the purpose of adjusting the 
potential of the grid to point M on the characteristic curve of Pig. 1. 
The action is much the same as in one of Professor Fleming’s mothods 
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of using his vahc. A group of high-fivquoiioy Obcillatioi\s impressed on 
the grid causes corresponding high-frequency variations in tlu' continuous 
current in tlie wing cuirent, Imt owing to tlic fixing of tlie grid potential 
at the lower bend of the curve l)y adjustment of the ])otentiometer in the 
grid circuit, the aniiililude of the ]K)siiive part of the high-frequency cur- 
rent'in the whig circuit exceeds tlu* amplitude of the negative ])art. As 
the positive half-waves are greater than the negative half-waves, more 
electricity Hows in one direction than the other, and the condenser 
through which the higli-freqiiencv current in the wing eircunt flows, he- 
coines charged, the side connected to the batti'ry Dj having the positive 
charge. Tliis charge acmiiiuilates in <\ in a relatively short time, ap- 
proximateh that of the duration of a wave train. (\ then discharges 
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throu^ih th<‘ loU'pluuu* 1\ tin* mtt* of Ihih luMiif* ildonniiUMl by 

the coustiuits of the teleplumeii and the eondenwer* It is probable that 
this dis(*liar^e is aporiodie or nearly so. fn any case the main part of tlio 
(lis(‘har^a^ through tlie telephones is in the same dire(*tion as tlie mirreni 
due to Ihe battery /?.j and <‘onslitntes an iiH‘ivast‘ in the euriHmt in the 
tel(*phones. As this iKdioii is repeated for eat'h ^roup of osidllations, a 
series of wave trains canaea what mi^lit be regarded (in its ad ion on the 
telejihones) as an alternating current in the telephones superposed on 
the continuous current and having a fundamental frequency equal to the 
number of wave trains per second. The at'ticm is shown diagraui- 
matically in Pig. 8. 

]f the potential of the gi*id is adjusted to the upper bend in the curve 
of Pig. 1, as at point .Y, the fundamental action will be the same, but the 
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effect of hijfh-frequency oscillations in the {jricl circuit on the wing cur¬ 
rent will be reversed. IMie anipliinde of the ncjjativo i)art of the hi^li- 
frequenev oscillations in the wing circuit will exceed the amplitude of 
the positive part and the condenser C^ will hecoine charged, hut in the 
opposite sense, the side connected to the battery becoming negative. 
'I'he discharge of the condenser through the telephones will thereforb Ive 
in the opposite direction to the flow of the continuous current of the wing 
circuit, and will constitute a decrease in the telephone current. Dia- 
graniniatically the action is as indicated in "Pig. 9. 

Oscil log ranis liearing on these actions were obtained in the matter indi- 
rated in Pig. 10. Osiillations Avero set up by the dist'hargc of the con¬ 
denser through the indiietauee f/, which was coupled with the in- 



duetanee L of the timed grid eirenit. To permit tin* use of an ordinary 
Heneral Kleetrie oseillograph, an oscillation freipieney of abonl fifty 
cycles (ler stK'ond and a group frequency of two or threv* cycles wore em¬ 
ployed. 'riu* action of tin* andion is the same, regardh'ss of fi*(*(|iu'ncy, 
provided that the eireuit constants are suitably inoddied to fit the fn*- 
qiieiiey (*inployed. In this case the oseillation frequein'y of the circuit 
f"7/ was fifty cycles and the circuit W was aceordiiigly tunwl to the 
same fretpiency. The capacity of was seh'cted to corri*sp()ml to the 
low frequency employed. Figs. 11 and 12 show oscillograms taken as 
indi(<ated in Pig, 10. with the grid potential adjusted n‘sp«*tiv(>ly to the 
lower and the njiper bends of the operating characteristic. It will be 
observed tlrnt the telejihonc eniTent reaches in Fig. 11 its mavimura 
value, and in Fig. 12 its ininimnm value, when the oseillating eiirreiit 
has almost died away. This effect wonld be shown more plainly with a 
higher oscillation fn'quoncy, but even at the frequency used it is quite 
evident. 
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To malfft use of the “valv^’ action between hot and cold electrodes for 
the detytinn of high-frequency oscillations a connection as shown in Fig. 
13 is used. In this case a condenser G, is inserted somewhere in the 
circuit between the grid and filament to prevent the flow of a continuous 
current between them, and the grid is therefore left free to assume a 
potential determined by its position with respect to the filament and 
wing. Usually this will be somewhere near the center of the operating 
part of the curve in Fig. 1; that is, near point P. Now the action for 
inoftTniTig oscillations, as far as the closed oscillating circuit, filament, 
grid and condenser are concerned, is identical with the rectifying 
action of the Fleming valve. An incoming wave train seta up oseilla- 
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tions in the closed circuit LO which are rectified by the ‘‘valve” action of 
the filament and grid, and the rectified current is used to charge the con¬ 
denser Of Electrons pass readily enough into the grid, but cannot easily 
escape therefrom, and a negative charge is built up on the side of the 
condenser coimected to the grid. The negative charge thus imparted to 
the grid cuts down the flow of electrons from the filament to the wing, 
producing a decrease in the wing and telephone currents. At tlie end of 
a wave train the charge in <7, gradually leaks off and the wing current 
returns to its normal value. The charge and discharge of this condenser 
take place in the ma nn er indicated in Fig. 14. 

One group of oscillations produces a single low-frequency variation 
(decrease) in the telephone current and a sories of wave trains produces 
a corresponding series of low-frequency variations in the telephone cur- 
xeni In Fig. 15 is shown an oscillogram of ike bdbavior of the audiou 
when the “valve'’ action is employed for the detection of oscillations. 
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With the means at hand it was impossible to obtain the variations oC 
grid potential directly, as the leak introduced by connecting tlie oscillo¬ 
graph to the grid would destroy the cumulative action, 'fhe grid poten¬ 
tial, howo\er, varies in exactly the same manner as the wing current. 
The fundamental detecting action is, therefore, that of a valve, the high- 
frfequency oscillations being rectified between the filament and the grid 
to charge the grid and the grid condenser. The charged grid then ex¬ 
erts a relay or* trigger action on the wing current, so that tiie audion 
is at once a rectifier and an amplifier. A somewhat similar combination 
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of rectifying and amplifying actions oceuis in the arrangement shown in 
Fig., 7. The action of the awl ion is being further studied by. Professor 
Morecroft and ilic writer in the TTartlcy Tlcscnrch Laboratory, Columbia 
University, and the results of those investigations will soon be published. 

PAET TI 

Bome Recent Uevbi-opments of tee Audion Rmubiver “ 

It will be observed from the o-scillogram of Fig. 16 that in addition to 
the regular detecting phenomena the audion is simultaneously acting as 
a repeater of the radio frequencies; so that oscillations of the grid circuit 
set up oscillations of similar character in the wing circuit of the audion. 
In the ordinary detector system no use is made of the repeating action, 

* Paper read before the Insdinlo of Uadio Engineers, New York. March 3, 1915, and 
before the Boston Section, April 29, 1916, 
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and it ib the purpose of the present paper io show lliat il may be turned 
to account to produce impj‘o\eiJiiciits in the recejdion of si^ials which 
completely ovei’shadow any of the particular aihaniapfes of ihe audion 
when used as a biuiple detector. Tlie ordinaiy detector (dreuit is illus¬ 
trated by Fig. 13 and the phenomena present tlierciii may be siiminod up 
diagrammatically by the cur\es of Fig. 11. ft will bo seen from these 
that the radio frequency obcillations present in the wing circuit of Fig. 
18 with the ordinary audion are necessarily small, and also that they are 
of no value in producing a response in. the telephones; but by providing 
means for increasing their amplitude and means for utilizing them to 
r(Kmforco the oscillations in the grid circuit, ii hec^oines possible to pro¬ 
duce some \ery remarkable r(‘snlts. 

EnENFOUClSMKNT OF 1? M)l() FnnqUKNC’Y 0S('1LLAT1()NS BY THE AUDION 

Th<‘re arc two ways (d' reenforcing the osciHal ions of the grid circuit 
by means of those in the wing cinmit. Idle simplest w^ay perhaps is to 



couple the two circiiilb iogi^ther in Ihe mamuM* shown in Fig. Ml Tliis- 
is essentially the same as Pig. 18, but modilied by the introduclion of the 
inductively coupled coils and Jj^ in ilie gi‘id and wing circuits rc- 
spectivelv and by the condenser ('21 whicli foriub a path of low impe¬ 
dance across the telephones for the radio frequencies. Ju sucdi a system, 
incoming signals set up oscillations in the grid circuit wind) repeat into 
the wing current producing variations in the continuous (uirrout, the 
energy of wdiich is supplied by the battery Bn. By means of tlie coupling 
some of this energy of the wing oscillations is transferred back to 
tlw* grid eiTcuit, and the amplitude of the grid os(*i11ations thereby in- 
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(mihecl. The am])li(ie(l ^»ri<l oi^eillations then react on the wing circiut 
by ineana of the grid to produce larger \ariatioiis in the whig current, 
thus still further reenforcing the oscillations of the system. Simiil- 
taneonsly uith this procedure tlie regular detecting action goes on; the 
condenser C\ is charged in the ubiial way, but acciinuilaies a charge which 
is proportional, not to the original signal strength, but to tlie final to- 
plitudo of the oscillations in the grid circuit. The result is an increased 
response in the tele])hone proportional to the energy amiilification of the 
original oscillations in the grid circuit. It will be observed from the 
operating characteristic (tlu* relation between the grid potential and 
wing cnrnuit) that the amplitude of the variation in the wing ciiiTent 
is directly dependent on th(‘ \aviation of the gi’id potential. This indi- 
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cates that the grid circuit shouhl he made uj> of large inductance and 
small capacity to obtain the iua.\iinuni voltage wdiicli it is possible to im¬ 
press oil the grill. For moilerate wa\e lengths the tuning I'ondenser 
of 11 h‘ grid circuit may he omitted altogether and the <*a])acity of the 
audion alone used to tune the circuit. For long ^\a\e lengths the dis- 
trihuleil eajiacity of the grid circuit inductance l)i‘('omes so high with 
respiH^t to the capa<*ity of the audion that belter n‘snlts are obtained by 
the use of a tuning eondeiiser to Iiv didinitely the points of ma\iniinn 
potential dilhM'ence across the grid and filament of the audion. 

In the sc(*on(l method of rwmfon'ing the oscillations of the grid circuit 
the wing ciri'uit of the audion is tuned by means of an inductance in¬ 
troduced as shown by Pig. 17. This differs from the ordinary detector 
circuit of Fig, 13 by the addition of the coil and the condenser (\. 
The manner in which tlie grid oscillations are amplifioil may best be 
understood by the following analysis. With no oscillations in tlio system, 
the potential differemH^ hotwceii lilainent and wing wdll he approxi¬ 
mately the voltage of the battery but when owullations are set u]i in 
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the grid circait, eaubuig radio freiiueiicy vanatioiih ol the wing ourreat, 
the potential of the wing with respect to the filament varies as the react¬ 
ance voltage of the wing inductance alteniately adds to and subtracts 
from the voltage of the battery. When a negative capacity charge is 
placed on the grid, the wing current will be reduced and the direction of 
the reactance voltage of the wing inductance will therefore be the same as 
the voltage of battery B^- The reactance voltage will therefore add to 
the battery voltage, and the difference of potential between wing and fila¬ 
ment and also between wing and grid will be increased. Similarly, when 
a positive charge is placed on the grid the wing current is increased 
and the reactance voltage of the wing inductance opposes the battery 
voltage, producing a decrease in the potential'dilterencc between grid and 




wing. Hence, supposing a negative ca]iacity charge is placed on the 
grid, the tendency of the corresponding mcreahe in the potential of the 
wing with respect to the grid will bo to draw more electrons out of the 
grid, thereby increasing the charge in tlie condonsor fomed by the wing 
and grid, the energy for supplying tliis charge being drawn from the 
wing inductance as the wing current decreases. The increased negative 
charge on the grid tends to produce a still further decrease in the wing 
current and a further discharge of energy from the wing inductance into 
the grid eirenit. On the other hand, when a positive charge is placed on 
the grid, the potential difference between grid and wing is reduced and 
some of the energy stored in the capacity formed by them is given back to 
the wing inductance. During this part of the cycle, electrons are bidng 
drawn into the grid from the surrounding space to charge the grid con¬ 
denser in accordance with the well known valve action, and this, in effect, 
is a conduction current, so that a withdrawal of energy from the circuit 
takes place. In spite of this withdrawal of energy, however, a well 
defined resonance phenomena between the audion capacity and the wing 
indnctance is to be expected, and in the reception of signals such is found 
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to be the case. When the wing induetanee is properly adjusted at the 
leKuiaiice frequeuej, energy from the wing eirenit m transferred freely 
to the grid circuit, and the oscillation', build up therein and are roctitied 
in the usual w'ay. 

A curve showing the general relation between the signal strengtli and 
value of wing inductance is shown in Pig. 18, the circuits used being 
those of Fig. 11. As the capacity of the audion is the main means of 
transferring energy from the wing to the giid circuit, best results are 
obtained when the condenser C is very small. On account of the very 
small capacity of the audion, the effectiveness of this method of tuning 
is more pionoiraced at the higher frequencies, but by the use of a shunt 



condenser across the incluctanc'C of the wing circuit very good amplidca- 
fion IS sc'Ciiml on frequencies as low as 30,000 cycles (10,000 meters 
wave h'ngtli). The hcM resnlts, however, are obtained with some combi¬ 
nation of coupling and wing circuit tuning, as illustrated in hh'g. 10. 
Other methods of eoupliug may be employed between the grid and wing 
circuits, eleolroslaiic and direct magnetic couplings being illustrated iu 
Pigs. 20 and 21. The arrangement of Fig. 21 operates in the same way 
as the system with the two-coil coupling; but the electrostatic coupling 
of Fig. 20 works in an odd way. It is necessary, in this connection, to 
complete the wing circuit for the continnona current of the battery, and 
this is done by shunting the coupling condenser Ct by a coil of high, in¬ 
ductance. The coniinuouB current of the wing circuit flows through this 
coil and provides a path of low impedance around this coil for the 
radio frequency oscillations of both the grid and wing circuits. When 
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a positive cliarf^c is placed on the p^rid, an iiicreaw.* in tlie «inf> current 
results, the alternating componeui of Ihc wing current charging the con¬ 
denser (\ and the sum of the (‘urrents passing through (\ and equal¬ 
ing the current through the audion. When a negati\e charge is placed 
on-tlie grid the current through the audion is reduced and the inductanct 
Lj discharged into the condenser sliunted across it, charging it in the 
opposite wa.y to tliat caused by the increase in the wing curi'cnt. In both 
cases, Ct then dischai’ges through the grid eireidt, recuiforcing the oscil¬ 
lations therein. 


Audio Fijkqukncy Amim>ifi('.\tio\ 

It is possible to <-onibine ndth any of these s.\stems a system of audio 
frequency circuits which amplify the telephone current in exactly the 



same manner as the radio freiiuency oscillations arc ainplilied, and such 
a system is shown in Pig. 22. Here J/j represents the coupling of the 
radio frequencies, and the coils are of relatively small inductance. J/, 
is the coupling for the audio frequencies, and the ti’ausfonner is made up 
of coils having an inductance of the order of a henry or more. The con¬ 
densers C’, and (\ having the double puqiose of tuning Jf., to the audio 
frequency', and of by-passing the radio frequencies. The total ain])liftca- 
tion of wealt signals hy this comhination is about 100 times, with the 
ordinary audion bulb. On stronger signals, the amplitication becomes 
smaller as the limit of the audion’s response is i-eached. 
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Tin^ Auuion^ as a (Jenekatok \M) P>eat 1?eoeiv'i:ij 

xViiy repeater, which is also an enerji;y ai!ii>li(ier, may be used to pro¬ 
duce coiitimioiis oscillations l)y transferring pai*t of the energy in the 
circuit containing the batteiy back to the controlling circuit to keep*the 
latter continuously excited. By providing a close enough coupling be¬ 
tween tlie grid and wing <*ircuits, sufficient energy is su]>plied to the grid 
circuit to ke(‘p it in continuous oscillation, aJid as a consequence thereof 
oscillations of similar frequency exist in all parts of the system, "riie 

(JRIU (’inci IT 

(M'RKIINI’ 


i*0TnvTiAr< 


WI\(. 

iM’uuovr 


'ii:ritJiM!OMi 

iMrmiiiM’ 


Kiu. 2.*? 

frequency of Ihese OMMllatioiis is approxiiiialoly that of the closed grid 
circuit it the tuning c(aidenser of that circuit is large with ri^speci to the 
capacity of tlio audion. If this eapa<dty is small, then llu* wing circuit 
will exert a greater influence on the frequency of the system, and it will 
not approach that of the grid <*ircuit so closely. When such a system of 
circuits is in oscillation, it lias been found possible not only to receive 
continuous waves by moans of the beat method, but also voiy greatly to 
amplify thorn as well. 

The idienoimma involved may best bo understood by reference to Figs. 
23 and 24, whi(*h show the relation hotvveen wing current and time at the 
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beginning oX oscillation. Wlien the a ml ion begins generating, llu* grid 
oscillations are continnonsly rectified to charge the grid condenser, and 
this charge contiiuiouslv leaks off either by wav of tlie grid or by means 
of a special high resistance placed in shunt with the condenser. As the 
negative charge builds np in the grid condenser, it decreases the average 
value of the eontinnons current component of the wing current, and 
therefore limits the amplitude of the oscillations of the grid circuit until 
a point is finally reached where the rate at which electricity is supplied 
to the grid condenser is just equal to the rate at which it leaks off. (lon- 
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sider now the effect on the system of an iueoining contiiuious wave hav¬ 
ing a frequency slightly differaat from the frequency of the local oscil¬ 
lations. The presence of the local oscillations will not in any way inter¬ 
fere with the amplifying powers of the system, and the incoming oscilla¬ 
tions will build up in exactly the same manner as for the non-oscillaiing 
state, hut to a greater degree, because of the closer grid and wing coup¬ 
ling. Simultaneously with the amplifying of the incoming wave, beats 
are produced between the local and the signaling currents, the effect being 
alternately to increase and decrease the amplitode of the osdllatioiis in 
the system. From Pig. S3 it will he apparent that when this steady 
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hlate is reached an increase in the amplitude of the grid oscillations by 
any means ’v^hate^er will increase the negative charge in the grid con- 
den‘^er. producing a decrease in the average value of the wing currentj, 
and hence a decrease in the telephone current. On the other hand, a 
decrease in the amplitude of the oscillations will allow some of the nega¬ 
tive charge in the grid condenser to leak off and thereby permit an in¬ 
crease in the telephone current. Hence, when incoming and local oscil¬ 
lations add up, the negative charge in the grid conden« 5 cr is increased 
and a decrease in the telephone current results. Wheu the two frequen¬ 
cies are opposed, some of the charge in the grid condenser leaks off and 
an increase in the telephone current occurs. The result is the production 
in the telephones of an alternating current having a frequency equal to 
the difference in the frequencies of the local and incoming oscillations 
and having the very important property of being almost simple harmonic. 
Fig. 24: illustrates the characteristics of this method of reception. The 
complete phenomena may be summed up as follows. Incoming oscilla¬ 
tions are simultaneously amplified and combined in the system to pro¬ 
duce beats with a local oscillation continuously maintained by the audion. 
The radio frequency beats are then rectified by the audion to charge the 
grid and the grid condenser, and this charge varies the electron current 
TO produce an amplifying action on the current in the telephones. 

When the grid condenser is omitted, the beat phenomenon is slightly 
modified, and the audio frequency variation of the telephone current is 
produced according to the asymmetric action outlined in a previous pub¬ 
lication dealing with tlie operating features of the audioji. The system 
16 more sensitive with the grid condenser, but the same general result is 
obtained by either method of reception. 

Pjbol'Liar Featukes op Oscillatiox 

Some veiy interesting features of operation accompany the production 
of oscillations in the system. Suppose the audion is not oscillating, and 
the grid and wing coupling is fairly weak. As this coupling is increased, 
the point at which oscillations begin is indicated by a faint click in the 
telephones accompanied by a slight change in the character of the static. 
The oscillations produced are usually so high in frequency and constant 
in amplitude that they are entirely inaudible. As the coupling is still 
further increased, a rough note is heard in the telephones, the pitch de¬ 
creasing with increase of coupling. This note is produced by the break¬ 
ing up of the oscillations into groups, and it occurs whenever electricity 
is supplied to the grid condenser at a greater rate than that at which it 



2.J0 IXXSLti Ai!fr YORK iCMOBUl OF iSGIhJKGMH 

rail leak off. The result is that the grid is periodically charged to a 
negative potential sufficient to cut off entirely the wing curj-cnt, causing 
a stoppage of tlie local oscillations until the grid charge leaks off and the 
mng current re&stablishes itself. The frequency of this interruption 
depends largely on the capacity of the grid condenser, the resistance of 
its leakage path, and the amplitude of the local oscillations; it may bi‘ 
varied from several hundred down to one or less per second. This effect 
is sometimes troublesome in the reception of signals, especially with high 
vacuum tubes. It may be eliminated, however, by increasing iho leak of 
the grid condenser by means of a high resistance shunt. The best coup¬ 
ling for receiving continuous waves lies somewhere between the ])oii)t at 
which oscillations start and the point at which interruption begins, and 
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can only be determined by trial. In this region, trouble is sometmnw 
experienced by tlie appearance of a smooth musical note in the toleplioue. 
This occurs under certain critical conditions of coupling with ilu* an¬ 
tenna when the grid circuit oscillates with two degrees of freedom. 'I'wo 
slightly different frequencies are therefore set up, producing boats which 
are rectified by the audiou in the nsual way. This effect is quite critical, 
and when it causes interference with signals, a slight readjustment of the 
circuit will usually make it disappear. It may, however, be made per¬ 
fectly steady and reproduced at will by the system riiown in Fig. 35, 
where two grid circuits of different periods are provided. Two frequen¬ 
cies are therefore generated, one having the frequency of the circuit 
LCL^, and the other the frequency of the circuit L'O'lJ}. Tliis arrange¬ 
ment may replace to advantage the ordinary buzzer for producing groups 
of oscillations. The fore/joing exfiaiuiiions refer to the aiidiori only 
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when it is used as an electron relay.' When there is an appreviahle 
amount of gas in the tube in the ionized state, disturbances of an entirely 
different character occur. 

Arnio PRKqrcviY Tuisnirw 

One of the \erT impoi-tant advantages of tlie receher when used for 
continuous waves is that the alternating cujrrent prodtieed in the tele¬ 
phones is almost a pure sine wave. Only when the audio frequency ia 
simple harmonic can selectivity be obtained by tuning the telephone cir¬ 
cuit. A distorted wave such as that produced by spark signals possesses 
many harmonics, and as each may be picked out by the tuned telephone 
circuit there ia little chance of separating two spark signals by audio 



frequency tuning. With continuous wa\ cs, however, the pure wa\ e pro¬ 
duced by the beat method of reception makes it possible to obtain selec¬ 
tivity by the audio frequency tuning, resonance being fully as sharp as in 
radio frequency circuits. Two methods of audio frequency tuning are 
^own in Figs. 26 and 21. In Fig. 26. the telephone is inductively con¬ 
nected to tb» wing circuit of the audion by means of a transformer, the 
secondary of which includes besides the telephone a timing condenser. 
In this connection, the telephone, with a resistance of many thousand 
ohms, is placed directly in the tuned audio frequency eircuii^ and hence 

*Blectrieal WorW, December 12, 1914; and also ai8cu<wIon In Lonilon MleetrMan, be- 
tw6e9:i Beisz and de Forest on the difference between electron and gas relays. (Febiixaty 
6, 1914, page 726: March l:J, 3014, page 0,^6; June 12, 1914, page 402; July 3, 1014, 
page 528; July 31, 1014, page 702.) 



ior good tunmg the inductame of tlic coil 7/® must be made evtrciiicly 
jarge to hpcure the nocesbary latio ol the roactaiu'c of £i® to the roHistaiiee 
of the eircitit. This disadvantage is overcome in the system of J<’ig. 
b} removing the telephones from the audio frequency circuit, and using 
the' latter to operate a second audion. The telephones may then be 
placed in the wing circuit of this audion without adding appreciably to 
the damping of the circuit. The tuning of the circuit £^0^ may there¬ 
fore be made very sharp with reasonable values of inductance simply by 
beeping the resistance low. In this case considerable amplification is 
obtamed by the use of resonance in the transformer Jf® to increase the 
voltage impressed on the gnd of the second audion. The great advan¬ 
tage of this kind of tuning is shomi by the following evamplo. Suppose 
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the incoming signal has a frequency of 60,000 cycles, and the local fre¬ 
quency is 49,000 cycles. The differential frequency is 1,000, and the 
audio frequency circuit is tuned accordingly. intorferiiig wave I per 
cent shorter than the signaling wave, of 49,600 cycles, will produce an 
audio frequency of 600 cycles per second, which will not appear at all in 
the wing circuit of the second audion unless it is many times stronger 
than the 1,000 cycle signal. This combination of radio and audio fre¬ 
quency tuning is too selective for use at the present time, even when the 
sending station is equipped with an alternator, as the slight changes in 
frequency of the radiated wave produce changes in the beat frequency 
of the receiver which carry it out of range for the sharply tuned audio 
frequency circuit. A disadvantage of tiiis method of tuning is that at- 
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mospheric disturbances produce a musical note due to shuck excitation 
of the audio frequency system. Very loose coupling with the wing cir¬ 
cuit of the first audion is a partial remedy for this. There are times, 
howeTcr, when interference is more troublesome than static, and in such 
cases the method may be used to great adtantages. If desired, both 
radio and audio frequency tuning can be carried out in the same audion 
as indicated in Pig. 32. This combination is apt to be somewhat trou¬ 
blesome to operate as a cumulative amplification is obtained in the audio 
frequency as well as in the radio frequency S 3 'stem. 

Cascade Systems 

Where a greater amplification than can be obtained with one audion 
is required, cascade working of the radio frequency systems may be re¬ 



sorted to by coupling together two or more audion systems, each con- 
necte<l as alreadr described, in the manner indicated in Kg. 38, The 
incoming oscillations in the first audion system are amplified in the usual 
manner and set up oscillations in the second system by means of the 
coupling J/g. The oscillations initially set up in the second system are 
again amplified, and then rectified in the second audion to produce audi¬ 
ble response in the telephones. For the reception of spark signals, con- 
aideralile adjustment is required to get the best results without causing 
one or the other, or botii, of the systems to generate oscillations. It will 
be found that after the first circuit is adjusted to the point of oscillation 
and the second is coupled with it, the strength of signal in the first sys¬ 
tem will be reduced owing to the withdrawal of energy from it by the 
second system. The signals may then be again brought up in strength 
by increasing the coupling between the grid and wing circuits of the first 
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hU<lion tuitil the appearance of the local oscillatioiih iutlieatca that the 
limit ot aiuplilicatioii lia^ liecii reachetl. I>y card'al adjustinoiit about a 
thousand times aiuplilicatioii and ven shar)! iimLiif> can ho obtained with 
two steps. 

h’or continuous wave reception, there arc several metlioda of operating 
cascade bystems. It is possible to have either system generate oscilla¬ 
tions, the other system acting simply as an amplifier or both systems may 
be made to generate in synchronism. It will generally be found that 
when both systems produce oscillations, beais will be produced, so that a 
continuous note is heard in the telephones; but by adjusting the fre¬ 
quency of one of the systems the jiitch of this note will be reduced as the 
two systems approach synchronisni, uniil finally at one or two hundred 



beats jier second the two systems i>ull into stej) in much the Kamo way os 
two alternators. The ability of the two syslems lo keoji in aii'ji depends 
mainly on the value of the coupling between tiieiu, and ihe closer tliis is 
the lietfcer the two hold together. There is still another way of w'orking 
this combination, and that is asynchronously. Tn this ease beats arc 
continuously produced iu the system so that a continuous note is heard 
in the telephone, but the circuits may be so adjusted iliat the note is mil 
loud enough b be troublesome, or it may he iuiied out of the ielephone 
in the manner previously described. Incoming oscillations are eombined 
in the system to produce beats with the beats already prosenl, so that a 
rather curious note is heard. Very good amplification is socuivd by this 
method, though naturally the system is troublesome to operate. 

It may be noted here that whenevm- a signal is too weak to read with 
ohe andion system, and cascade operation becomes iiecessai'y, it is always 
better practice to use the cascade circuits for the radio frequencies, even 
if the regenerative circuits are not employed with each individual andion 
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bYStem. The frequency of the oscillations set up in the circuits by static 
are, under normal eourlitions, the same as those of the incoming signal, 
and the static is therefore never amplified more than the signal. TJsnally 
It is amplified to a some^rhat lesser extent, especially if regenerative cir¬ 
cuits are employed. In the cascade system used for audio fi’equenqies, 
a different condition exists. It is ordinary practice to connect the dif¬ 
ferent stages by means of transformers, and this leads to conditions 
which cause the system to produce greater amplifications of the higher 
frequencies. The rate of change of the wing current of the delecting 
audion produced by static corresponds to a very high frequency, and as 
such is imariably amplified to a greater extent than the signal. 

There is a second method of receiving continuous oscillations which 
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Fig. so 


makes use of tlie jfeaeratiiig feature of the audion, hut does not employ 
the beat phenomena. The amplifying ratio of the audion depends more 
or less directly on the value of the wing current, and by varying this 
current periodically there will be a corresponding periodic change in the 
amplifying power of the audion. Hence an audion arranged to repeat a 
continuous wave under snch conditions will produce in its wing circuit 
oscillations which vary periodically in amplitude, and which may there¬ 
fore be received by a simple audion ^stem. The first audion may be 
arranged to produce the necessary variation in its amplifying power in 
the manner indicated in Fig. 29, which also shows the complete circuit 
for earrymg ont this method of reception. Here is an atrvlio 

frequency system designed to produce audio-frequency oscillations; and 
P is a potentiometer for adjusting the potential of the grid so that on the 
negative part of the oscillation in the circuit, the wing current is reduced 
practically to zero. The radio frequency circuit C’LCCi is tuned to 
the oscillation frequency of the incoming wave. The radio frequency 
oscillations cannot he detected in the first audion system, as the strong 
audio frequency emtent circulating in this system would produce a con¬ 
tinuous note in the telephone receivers of such strength as to render in- 
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audible all sa\e len' strong signaK. By arranging to deteil ihc oscil¬ 
lations in a second audion system coupled <o the wing circuit of the first, 
interference of this sort is avoided, as the circuit /li/ ( has a very high 
impedance for the audio frequency currents and the clfcct produced 
through the magnetic coupling of and L* on the second s^rslem is neg¬ 
ligible. The capacity current between these two coils through the tele¬ 
phones to ground is, however, appreciable; and to avoid this it is ad¬ 
visable to ground their two adjacent ends as shown. The action of the 
system may be summed up as follows. The first audion system varies 
the amplitude of the incoming radio frequency oscillations at an audio 
frequency, and the second audion system amplifies and detects the radio 
frequency oscillations supplied to it by the first system. Diagrani- 
matically, the phenomena occurring are as illustrated in Fig. The 
system gives about the same response as can be obtained with u single 
audion working with the beat method of reception. The advantages 
derived from the heterodyne method of amplification and the de])cndent‘e 
of the audio frequency note in the receivers on the wave loiigtli are, ot 
course, lacking; Wt for the reception of waves having a frequency higher 
than that at which beat reception is practicable, this method is of value. 

EbTEOTS op AtM-OSPHEETO DlSTCnSBAKOUb 

A very interesting feature of these receiving systems is their behavior 
under conditions of severe atmospheric disturbances, particularlv when 
used for receiving continuous waves. Their success under such condi¬ 
tions is due to the fact that they combine, in addition to tlioir inherent 
property of responding more readily to a sustained wave lliaii ii slrongly 
damjied one, the characlerWics of the two moat eltwdiv'e static elimina¬ 
tors known, the balanced valve and the heterodyne rei-eiver. The fiiiu*- 
tion of the balanced valve hi a physiological one, as it simply providis 
a means to shield the ear from the loud crashes which Icmporarily im¬ 
pair its sensitiveness for the relatively weak signals. In elfeet, it put', 
a limit on the noise which can be produced iu the telephoui' by o stray, 
r^flxdless of its amplitude. Ifow the effect of the static on an audion 
is to build up a negative charge on the grid, reducing the wing eunrent, 
and the limit of the response which can be produced in the lelephoneb i? 
reached when the wing current is reduced to zero. Under ordinniy con¬ 
ditions, this limit is too great to do much good; but when the audion 
is generating, it is possible by projH’r adjustment of the amplitude of 
the local oscillations to redui'e the wing current to a point just above the 
lower bend in tiie operating characteristic so that the audion is rendered 
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insensitive to a further increase in the negative charge on the grid. The 
strays which cause serious interference are of a much greater amplitude 
than the local frequency, so that no appreciable interaction between the 
two takes place, and the wing current is invariably decreased. Since the 
decrease in the wing eun’ent is not in proportion to the change in the 
grid potential, the response in the telephone and the effect on the ear of 
the operator are correspondingly reduced. Static of smaller amplitude 
than the local oscillations may interact with them to produce either an 
increase or a decrease in amplitude of the oscillation in the grid circuit, 
and may therefore cause either a decrease or an increase in the wing cur¬ 
rent. The wing current can, of course, increase to a relatively large 
value, but as it is impossible for the wing current to increase faster than 
the charge in the grid condenser can leak off, the rate of increase is nec¬ 
essarily slow. The response m the telephones is therefore not so dis¬ 
turbing as would be caused by a decrease of similar value where the rate 
of change of current is usually large. 

When the system is operated without an antiliary leak around the 
srrid condenser, a peculiar paralysis of the audion is frequently caused 
by heavy static, no sound of any kind being heard in the telephone for 
a considerable length of time. If the apparatus is not touched, the 
paralysis mav last for many minutes, and then suddenly disappear and 
the former sensitiveness be restored. The effect is primarily caused by 
the charging of the grid condenser to a sufficient potential to cut off en¬ 
tirely the flow of electrons to the wing, thereby decreasing the wing cur¬ 
rent to zero. ITow, the way in which the negative charge in the grid con¬ 
denser leaks off is chiefly by means of the positive ions in the tube, which 
are drawn into contact with the grid when it becomes negatively charged. 
These positive ions are the result of ionization by impact, and when the 
voltage of the wing battery is properly adjusted, they can be produced 
only in the region between the grid and the wing, since the velocity at¬ 
tained by the electrons between the filament and grid is very low. "^en 
the grid is charged to a high negative potential it keeps all the electrons 
between the gx’id and filament, thereby barring them from the region be¬ 
tween grid and wing. Hence the production of positive ions must cease, 
and the usual means of removing the negative charge from the grid van¬ 
ishes. The resistance of the leakage path of the grid condenser must 
then be almost infinite, as is shown by the very long time taken for the 
charge to leak from a condenser of approsdmately 0.0001 microfarads 
capacity. The effect is naturally the more pronounced the hi^er the 
vacuum, as the number of positive ions present is correspondingly re¬ 
duced. A resistance of several hundred thousand ohms placed across the 
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gnd condenser gi\es a leai TThich is independent of the value of Ihe wing 
eoiTent and which effectually presents trouble of this kind. Wiih the 
very high vacua now obininable by the use of a molecular pump, there 
are practically no positive ions present, so that the auxiliaiy leak is 
alwa 3 s necessary. Under these conditions, it not only prevents paralysis 
by the static, but it also removes from the grid condenser the excess of 
negative electricity which accumulates in it, thereby increasing the sensi¬ 
tiveness of the audion and the sharpness of the signals in the telephones. 
The 1 erj- high potentials to which the grid condenser may be charged by 
the static arc surprisina. Those jadentials may bo mcasuied in a verj* 
simple and accurate wav, here described. After a ''tiay has cut off the 
wing current, if we continuously increase the capacity of the grid con¬ 
denser, the potential across jt and hence the potential of tlie grid with 
respect to the filament will be decreased inversely as the cajnieity. A 
point will finally be reached where the grid potential is sufficiently re¬ 
duced to allow the wing current to flow'. When this occurs it indicatos 
that the potential of the grid condenser is shghtly loss than that shown 
by the operating characteristic as necessary to reduce the wing current to 
zero. The potential to which the grid condenser W'as originally charged 
is equal to this voltage times the ratio of the capacity of tide condenser at 
which the wing current began to flow to the original capacity. Voltages 
of over a hundred are not uncommonly reached by the grid and as one 
volt represents a very strong signal, ihe difficnlties of the static problem 
are very forcibly presented. 

The fact that static of large amplitude produces almost invariably 
a decrease in the wing current, while a signal (with beat reception) pro¬ 
duces alternately an increase and decrease in the wing cun-cni, is a cir¬ 
cumstance of which it should be possible to take advantage. Thu circuits 
can be arranged to rectify the wing current in such a way that only ihe 
increases in this current are available to produce a response in the tele- 
jhones, but in carrying this method out, trouble is experienced from a 
shifting j;ero. A better way of making use of the difference in response 
is the following one. Suppose that we arrange two complete receiving 
systems oscillating in step with each other, hut so related to the anteuna 
that the heat currents in the two systems are 180 degrees apart. The 
result of this will be ikat at the instant when the incoming signal is pro¬ 
ducing an increase of current through the telephones in one receiver, it 
will be producing a decrease of current through the telephones of the 
other receiver; so that the two telephone currents are 180 degrees out of 
phase. Static of large amplitude does not interact with the local fre¬ 
quencies. and will produce simultaneously in each receiver a decrease in 
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the telephone current. These two cm rents are therefore in phase with 
each other. On replacing each telephone by the primary of a trans¬ 
former, and connecting their secondaries through a telephone in the 
proper phase, it is possible to balance out the static and at the same time 
secure an additite response of the signals from each receiver. 

An arrangement of circuits by means of which this method can be 
carried out is shown in Fig. 31. Here two oscillating receiving systems 



are kept in step by means of the circuilK XjC'if 'i'Jjj'. and 

are identical, and each is tuned separately to the frequency to be received. 
When both audions are oscillating in step, the flow of cuixent in these 
circuits, as indicated by the vectors of Fig. 31, will be alternately up on 
one side and down on the other. The point between tire condenser t'l 
and Oi' will be a node; and the antenna may be coimeeted to this point 
irithout disturbing the conditions appreciably if a resistance 2?, placed 
as indicated, is included in the antenna. This resistance need not be 
large enough to interfere seriously with the signal strength; it need only 
be largo with respect to the resistance of the circuit LiGjG/L^, which 
circuit has a very low resistance. 

Incoming oscillations pass through the divided circuit as indicated in 
ihe diagram, and therefore are in phase with the local oscillations of one 
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receiver and 180 degrees out of phase with t)ic local oscillations of the 
other. This produces the desired result in the curi-ents through the 
transformers of the circuit T, which act in the manner already described. 

It is found in practice that the oscillations set up in each system by 
the incoming signals tend to neutralize each other through the circuit 
LiGiC'/ii'. This effect is avoided by introducing in the wing circuits 
a differential coupling airanged to neutralize the coupling between the 
two grid circuits. It is possible to do this, as it does not affect lire coup¬ 
ling of either receiver with the antenna, and does not interfere with the 
local operation until the effective coupling between the two systeius is 
reduced to a point below which they wOl no longer remain in step. There 
are other ways of securing the same result, but the system shown will 
illustrate the general procedure in carrying out this method of balancing. 

The practical results obtainable with these receivers may perhaps be 
of interest. At the present time, signals from all high-power stations 
from Bilvese (Germany) to Honolulu are heard day and night at Colum¬ 
bia University with a single audion receiver. Cascade systems give cor¬ 
respondingly better results, two stages being sufficient to make the night 
signals of Honolulu audible throu^out the operating room. Inter¬ 
ference with the signals from Nauen by the arc station at Newcastle, 
New Brunswick (Canada), is very easily eliminated by means of an 
audio frequency tuning circuit; and this is the most severe interference 
we have yet esperienced, the two frequencies sometimes differing by less 
than 1 per cent and the axe signals being much the stronger. 

These receivers have been developed in the Hartley ^^searcli Labo- 
ratory, Columbia University, and are mainly the result of a proper un¬ 
derstanding and interpretation of the key to the action of the audion— 
the grid potential-wing current curve. In conclusion, 1 want to point 
out that none of the methods of producing amplification or osuillatioii 
depend on a critical gas action; they depend solely on the relay lu-lion of 
the tube employed (electron or gas relay) and the propiu* arratigoineul 
of its controlling circuits. 


SUMhIARY . 

The action of the audion as a detector and simple amplifier is ex¬ 
plained, with the method of verification of the theory by means of oscil¬ 
lograms. To reenforce tbe oscillations in the grid circuit two methods 
are employed. First, to couple the grid circuit to the wing circuit and 
arrange ihe latter to permit radio frequency cm-ronts to pass freely in 
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it; and, .second, to nse a large inductance in the wing circuit, thereby 
tuning it to the incoming frequency (in conjunction with the capacity 
between the filament and wing in the audion itself). Both methods mav 
be used together, Tarious methods of coupling grid and wing circuits 
are shown. Methods of combined audio and radio frequency amplifica¬ 
tion are described. 

The audion, being a generator of alternating current of any desired 
frequency, can be used a.s a beat receher. A steady audion generator of 
regular groups of radio frequency oscillationb is illustrated. Yarious 
methods of audio trequency timing permitting liigh selectivity are pos¬ 
sible. By the nse of two audions in cascade, amplifications as high as 
l.OOfi are attainable. The cascade bystems can be arranged so as to 
operate both audions either synchronously or non-synchronously. 

As an alternative to heat reception of sustained wave signals, an ar¬ 
rangement is explained, wherein the amplifying I’atio of a repeating 
audion is taried periodically at an audio frequency, ('oiqiled to this 
system is a simple audion detector. Mubical signals of any desired pitch 
are thus obtained. 

Tt i'' found that static of largo amplitude uearly always decreases the 
wing current, while a signal (with beat reception) alternately increases 
and decreases it. A system of circuits is described whereby this fact is 
taken advantage of in balancing out static while retaining the addithe 
response to signals, thus effecting an elimination of static to a consider¬ 
able extent, 

Finally, instances of long-distance stations ^e^•ei^ed and interference 
overcome in practice are given. 
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January to December, 1916 

By Ealpii "W. Towrii, Retonling Secretwry 


BUSINESS MEETING 

I 

3 Januahy, 1916 

The Academy met at 8:15 p. ir. at the American Museum of Natural 
History, Vice-President Douglas "W. Johnson presiding. 

The minutes of the last meeting were read and approved. 

The following candidate rfor active membership in the Academy, recom¬ 
mended by the Council, was duly elected: 

Leo Wallerstein, lYl Madison Avenue. 

The Secretary reported the following death: 

Sir Henry Enfield Eoscoe, Honorary Member since ISS'J, died 18 
December, 1915. 

The Academy then adjourned. 

Henex E. Oeampxon, 

Acting Recording Secretary. 


SECTION OF GEOLOGY AND MINEBALOGY 
3 Januaet* 1916 

Section met at 8:30 p. m., Vice-President Douglas W. Johnson pre¬ 
siding. 

Tlie following progi-am was presented: 
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Douglas W. Johnson, The STiUTEaro Value of Landforms in the 
Great Russian Retreat. 

A. W. Grabau, Some Parallelisms in tub Geology of West¬ 

ern EtfROPB ANU America. 

Summary of Papers 

Dr. Johnson described and illustratofi by specially prepared maps liow 
the detailed movements in the Rusaian retreats oi‘ 1915 'were influenced 
to a remarkable degi-eo by the surface features of the country over which 
the contending armies moved. 

Professor Orabau, with the aid of cliaits and lantern slides, contrasted 
the topographic, sedimentaiy and faunal relations of the British Isles 
and western Europe, particularly the Baltic region during the Tremadoc, 
Areing and Landeillo stages 'witli the Potsdam, Beckmantown and St. 
Peters stages in the United States and soutlioastem Canada. Special 
reference was made, on the one hand, to the Caledonian and American 
lands and on the other to the Ceratopygo, Phyllograptus and Tetra- 
graptus faunas of the Areing beds and to the trilobites, Megelapsia liin- 
iata and M. plmiilimlaLa of the Landeillo bods. In the Baltic region 
the Dictyonema fauna thins outward to the oast and is superseded by the 
Cei’atopyge forficula forms. The possible routes of migration of marine 
forms at these stages in our geologic liistor}' between Europe and America 
was explained. 

Tho Section then adjourned. 

Chester A. Rkbpb, 

Secrdani. 


SECTION' OP BIOLOGY 
10 January, 1916 

Section met at 8:16 p. m., Vice-President H. von W. Sdiulte pre¬ 
siding. 

The following program was presented: 

Henry Fairfield Oshom, Dinosaurs WTricii Mimic the Ostricites 

AND OTHER StEUTHIOUS BIRDS. 

Roy C. Andrews, The Sex Wh.alb (Balmnoptera ioredis). 

Its History, Harits, External Anat¬ 
omy, Osteology and Relationshif. 
(Read by Title.) 



RECORDS OF MEETINGS 


U7 


H. von W. Sclmlte, On the Anatomy ov a fcetal Balcemptera 

borealis. 

John D. Keman, Jr., Bemarks on ttie Eiii of Balcenopiera 

borealis. 

Summary op Papers 

Profesbor Osborn flescribecl and illustrated the remarkably complete 
skeleton of a bird-like dinosaur allied to Ornithominiiis, recently mounted 
in the American iliiseiim. He slio'jred its general resemblance to 
struthioiis birds in the foim of the skull and hind limbs and discussed 
the various hypotheses which had been advanced concerning the life 
habits of this animal. He then contrasted it with TyramiosaumSj a giant 
canii\urous dinosaur, and showed the wide adaptive divergence between 
these two branches of the eainivorous dinosaur stock. The paper was dis- 
(*u.ssed by Dr. Gregory. 

Profe«5>ur Schulte stated that the following results are based upon the 
di«?section of a foetus measuring 37,5 cm. in length, collected by Mr. Boy 
C. Andrews at Eilcusen, Japan. The complete details of the examination 
will appear in the Monograph of the Pacific Cetacea, to be published by 
the American Museum of JSatural History. 

The pannicnlus camoaiis fomed a very complete investment of the 
venter and sides throughout tlie region corresponding to tlie body cavities 
and neck. Over the dorsal muscles and pedicle it was replaced by 
aponeurosis. Prom this arrangement it was thought that it might serse 
by its contraction to maintain pressure upon the contents of the thorax 
and abdomen as the animal rose to the surface. It may further siibsei’\e 
an expirator function. In its disposition it cdoscly resembles Ihe cuta¬ 
neous muscle of Pliocnena except that iu frout of the shoulder its dorsal 
division overlies the ventral instead of forming with it a eoulinuons 
sheet, which may, however, show a lendinous inscription. 

Throat furrows were not yet present. The integuments of the inter- 
mandibular region, throat and thorax, well down upon the abdomen, 
were, however, redundant and rendered easily movable upon the deeper 
parts by the interposition of a layer of \ery loose areolar tissue. Between 
this and the skin was a complex muscle intimately bound to the integu¬ 
ments. Prom without inward was a thin layer of scattered fasciles of the 
dorsal pannicnlus, then the ventral panniculiis, then mylohyoid, and 
finally a longitudinal stratum of hypoglossal cervical innerva^tion, extend¬ 
ing from mandibles to abdomen. The throat furrows, to which this 
rcdundency of the intogumeiitaiy complex is plainly autocedeut, have 
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been explained as a provision for cn]ar^>iiij> the capacity of the luouth 
(Kiikenthal); but their presence on the thorax can hardly be so ac¬ 
counted for. Andrews has suggested that they may be a provision for 
great expansion of the thorax, taken in connection with the fact that in 
Bd&noptera the sternum is greatly reduced, is joined by only the first 
pail* of ribs and costo-central articulations ai*e present only from tlm 
second to the fourth or fifth rib. T)r. ,1. Vaughan has suggested that 
this extreme expansion of the thorax may be passive and would seem to 
be called for if it can bo assumed that the diaphragm relaxes during the 
period of apnoea, when the animal is submerged. 

The heart was practically unrotaled, its long axis nearly dorso-venlral 
and not appreciably deviated to the left. Its chief intonnil peculiarity 
was the fonn of the valve of the fossa ovalis, like a perforated thimiblo 
attached all around to its base. There was, fuither, no Eustachian and 
no Thebesian valve. These conditions have been previously described 
by Knox and by Turner. 

The trachea was wide, «hort and covered as far as its bifurcation by a 
thick walled muscular laryngeal sac. The straciiire of this is such avS to 
preclude the possibility of its acting as a reservoir. It may possibly 
serve by its contraction to set up a current in the air within the capacious 
bronchial tree, so aiding in the diffusion and utilization of the con¬ 
tained air. 

The liver was massive and of simple contours; the siomach showed 
four compai’tments; the intestine had undergone rotation and an uhccnd- 
ing colon, splenic flexure and descending colon—^in a word, the left colic 
loop of Bardeen was present and fixed; the ca'cum was of modcrato size, 
bluntly rounded at the apex. The chief pecnliaril\ of ihe situs visemim 
was the collacation of almost all of the inicstiiic logedher with liver, 
spleen, pancreas and stomach in the preumbilical portion of tlie abdomen. 
There was no foramen opiploioum, a condition recorded bv Hunter of 
certain whales. 

The genito-urinary tract resembles closely the dcseriptiou of Dandt 
except that there is certainly no mesentery for the kidneys, nor was it 
evident that there was any real asymmetry of the internal or the external 
organs—^the individual being a female—other than could properly be 
ascribed to the curvature of the foetus. 

The skull was remarkable for its rounded cranium, wide expomre of 
the supra-oeeipital, enormous auditory bullas, straight axis and small 
development of rostrum, orbital proc(*s and squamosal. 

There were thirteen pairs of ribs. The first rib was two headed on 
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both bides. The ^entral bar of the transverse process of the ?th cenical 
vertebra was lacking, that of the sixth was retarded in development and 
moveable upon the centrum. The pelvis showed no sign of an acetabu¬ 
lum. There was no trace of a femur. 

The nasal fossa, lai 7 nx and ear were studied by Dr. John D. Eernan, 
Jr., of Columbia University, whom I have asked to present his results a*^ 
a continuation of this communication. 

Dr. Keman stated that the important thing to note in connection with 
the ear of this animal is that it is of high mammalia type made over for 
life in the water. The external ear has disappeared, and neither muscle 
nor cartilages were observed in this foetus, although both have been re¬ 
corded by other observers. The external auditory meatus is a very small, 
tortuous passage capable of ^alve-like closure. In the foetus there is no 
trace of the ceruminous mass found in the adult. The tympanic mem¬ 
brane is of the ordinary mammalian type, attached by its margins to the 
tympanic ring, concave externally, and attached to the manubrium 
mallei by a triangular fold which appears to be a protrusion of the mem¬ 
brane itself. The ossicles present no peculiarities. There is a well de¬ 
veloped tensor tjunpani present, a fact which has not before been noted. 
The cavum tympani is filled by a mass of cavernous tissue which is 
thought to have the function of regulating pressure in the middle ear 
during submersion of the animal. The internal ear shows a well de¬ 
veloped semicircular canal system and a cochlea of nearly three turns. 

In considering those structures as an apparatus for hearing we sec 
at once that all possibility of hearing by air conduction is shut off. It 
seems as if rather elaborate precautions had been taken to prevent this. 
In this connection it is interesting to recall that in diseased conditions 
of the conducting apparatus in human beings the hearing by bone con¬ 
duction is increased and prolonged. It may well be said that in whales 
the closing off of the external auditory meatus increases the possibilitv 
by bone conduction, on which they must depend for liearing water-borne 
rounds. These are probably conveyed to the cochlea through the promi¬ 
nent mastoid process which occupies a considerable extent of surfaea 
between the squamosal and exoccipital bones. 

The Section then adjourned. 

WlLLLlM K. GrFGORY, 

fiemfa/rv. 
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SECTION OE ANTIIIIOCOIAKJY AND DSYUllOLOaV 
•J1 January^ 1916 

Tlie Section met at 8:30 p. m., in conjunction with the Amoi-icau Eth¬ 
nological Socict}', whose president, Dr. P. E. Goddard, presided. 

The follomng progi’am was presented: 

Franz Boas, Gen-ee.u:i Etiijjologiual Notes fkom Porto Eico 
Robert T. Aiken, Potito Eican BuhlUj Caves. 

H. K. Haeberlin, ARcnEOLooicAL Work ik PeuiTO Eioo. 

Summary op Papers 

Mr. Aiken stated that the archeological work done during the past 
summer was in two sections, the first being the oxca\ation ol! a cave 
and adjacent \illage site, the second tlie e.Ycavation ol! a much larger 
site. The following data refer only to the former under-taking, which 
was carried through with the cooperation of Dr. -T. TI. Mason and under 
the general direction of Professor Franz Boas. The cave in question is 
one of the inn u merable liollows in the limestone formation which com¬ 
poses a large portion of the island. It lies in a ridge about ton miles 
from IJtuado, at an elevation of about trvo hundred feet above the adja¬ 
cent valley. The entrance i.s large and faces oast. The floor was en¬ 
tirely excavated. It was composed of alter-nate layers of disintegrated 
limestone and crystalline calciic with a thick underlying atratiim of 
clay. The upper forty inches of the stratified formation yielded no less 
than twenty fairly complete human skeletons, all evidently interred in 
contracted position. All iho remains wore quite fragile but hardened on 
exposure to the air. Only thre(? intact skulls were found. A few scat¬ 
tered bits of potsherd were found, as well as a few fragments of stone 
and shells. The village at the fool of the hill yielded nothing but a few 
similar sherds, a single hammer stone and a few pebbles. Tfowevor, the 
fact of there being a site here was proved by the presence of prehistoric 
walls. 

Tire conclusions to bo drawn from the material are Brat the Poi-to 
Ricans practised cave burial, but did not use such caves for habilatioir 
and did not place offerings with the dead. 

Dr. B^berUn stated that a ball-court near Utuado wa.s studied as 
par-t of thfe.same expedition of which Mr. Aitken was a member. On the 
north and Sputh the court was bordered by a continuous row of flat 
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stones from one to three feet; on the east and west no stones were found. 
Red pottery with incised scroll work occurred. In a cave excavated by 
the speaker enormous quantities of snail shells, rodent and crab bones 
were found, together with many potsherds of a type different from the 
ball-court varieiy in texture, in the absence of incised decoration, aiyl in 
the presence of inside handles. A baby burial was uneartlred. 

The Section then adjourned. 

S. H. Lowie, 

Hecreiarii. 


BXJSIXESS MEETIXG 
7 Eebbuabt, 1916 

The Academy met at 8:15 p. ji. at the American Museum of Natural 
History, Yice-President Ernest E. Smith presiding. 

The minutes of the last meeting were read and approved. 

The following candidates for membership in the Academy, recom¬ 
mended by the Council, were duly elected: 

Active Membebs 

Miss Mary C. DickeiW, American Mnsemn of Natural Hist(UT. 
Pierre A. Bernard, 668 West End Avenue, 

Howard L. Clark, North Farm, Bristol, R.’T., 

Howard Notman, 136 Joralemon Street, Brooklyn. 

Associate MEiiisnib 

C. L. Camp, Columbia University, 

A. M. Brown, Columbia University’. 

The Secretary reported the following death; 

Mr. Ignaz Matauseh,‘Active Member since 191-1, died H Deeemlw, 
1916. 

The Acting Recording Secretary presented an informal statement re¬ 
garding plans for the Centennial Celebration of the foundation of tlie 
Academy, to be held in May, 1917. The Council has been organized 
into committees, which are to deal with different parts of this celebra¬ 
tion. It is intended that a fund of at least $300,000 shall be raised, the 
income of which is to be employed for scientiflc investigations. As 
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an initial gift, Profe-.bor N. L. Brition has generously promihed $5,000. 

The Academy then adjourned. 

II iiNUY E. Cbaupton, 

Ading lleroiding Secrelarg, 

SECTIOisr OF ASTIIOXOMV, PilTSICS AND OHEMISTBY 
7 PBBUUUtY, 1916 

Section met at 8 Viee-President Ernest B. Smith presiding. 

The following program was presented: 

A. J. Goldf arb, OnEmcAL and Physical Changes oe Eggs and 
Tiieie Significance in Geafting. 

Arthur E. Hill, Repoet on the Absorbing Power of Certain 
Colloids. 

Summary of Papers 

Professor Goldfaxb siated that when eggs of sea-urchins {Toxopaeustes 
mriegatus) are removed from the ovaries and placed in sea water at 
room temperature (84° F.) a series of changes take place that affect the 
character of the fertilization membrane, the rate of feiiilization membrane 
formation, the viscosity of tiie egg protoplasm, and the rate of cleavage. 
These changes are approximately in proportion to the time factor, reach¬ 
ing a maximum just bdfore death. These changes permit of I’eady fusion 
of separately fertilized eggs, whose further development into hiscd larva? 
was elsewhere described. 

Professor Hill stated that absorption occurs when chromium, mon or 
aluniinum are precipitated by ammonium chloride and ammonium 
hydroxide in tlie presence of salts of cobalt, nickel, manganese or zinc. 
Using 100 mg. of the absorbing metal, it was found that as much as 
40 mg. of nickel would be so completely absorbed as to be undetectable 
in the filtrate. The order of absorbents, from greater to less, is as 
follows: chromium, aluminum, iron; and the metals absorbed are in the 
order nickel, zinc, manganese and cobalt. It was found that the absorp¬ 
tion is roughly proportional to the alkalinity. Moderate excess of am¬ 
monia will increase absorption so gieatly that chromium hydroxide will 
carry down more than its own weight of nickel or zinc salts. In keeping 
with this generalization, it was found that separation of the two groups 
of metals by use of solid barium carbonate reduces the absorption gieaiJy 
and the separation by sodium acetate in slightly acid solution reduces 
the absorption to an almost undetectable amount. A precise study of 
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absorption of cobalt salts by pure cliromiuni oxide buspeiibious wab also 
made and followed the usual absorption isotherm, the equilibria being 
reached both from the side of excess in solution and that of deficiency 
in solution. 

Dr. Mutsclieller, in discussing Professor Hill’s paper, found thq re¬ 
sults m full agreement with his own conclusion. The question whether 
the results ghen have been substituted in the exponential absorption 
equation was answered in the negative. Dr. Mutscheller believes that if 
these substitutions had been made in tliis equation, different values for 
the constant of equation for each one of the three colloids would have been 
obtained. This constant is known to depend on the temperature, the 
nature of the dibpersion medium, and the dispersoid. This fact would 
preclude that each one of the three colloidal hydroxides possesses a dif¬ 
ferent absorption potential or affinity, by reason of which an increase or 
decrease of the [OH~] concenti-ation would produce proportional results. 
This seems to be the case in the data given by Professor Hill, for the 
values giien in the columns show all proportional changes. 

Dr. Mutscheller in his work on reversible colloids found by conduetiv- 
itj' measurements that they absorb ions. Moreover, by means of poten- 
tiometric determination of the ionic concentrations, he found that they 
absorb specifically oppositely charged ions and leave the other ion free so 
long as certain limits of low concentration are not surpassed. Professor 
Hill’s data seems to demonstrate the same fact. An increase of acidity 
and consequently hydrogen ion concentration, therefore, neutralizes the 
absorption affinity of the colloids so that otlier cations, namely, the metal 
salt in solution, are no longer absorbed by the colloid. 

The Section then adjourned. 

V. E. Lbvinb, 

Socretarif. 


SECTION OF BIOLOGY 
14 Febkuaey, 1916 

Section met at 8:16 p. 3i., Vice-President H. von W. Schulte presid¬ 
ing. 

The following program was presented: 

B. W. Shiifeldt, The Cahoti and otheui Extinct Pbtreels. (Pre¬ 
sented by Di. F. A. Ducas.) 

J. D. Keman, Jr., The CnoNnEocRANiuM op a SO mm. Human 
Embuto. 
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A. J. Brown, Thm Duvplopmijnt op tui; ypxNE in tub Oat. 

J.r. Nichols, On Primamly UNVDvvTrvH Variants xUroNo 

VjSItTEBRATES. 

Summary op Papers 

Dr. Keruan staled that the chondToeranratn prose uis at this stage 
Xairly complete development of the base of the skull in the region of the 
posterior and middle fossaa. Tliore is no skull floor to the anterior fossa. 
The lateral occipital regions arc united to the basal region by two roots 
which embrace tlic hypoglossal foramen. On the left side this foramen 
is partially subdivided. Theie is some evidence in this embryo for the 
view that the vortebric entering into the formation of the occipital region 
arc of the atlas type. By this hj'pothesis is best CAplniued the subchordal 
position of the basioccipital. and tlio relations of the suhoccipital nerve 
and tlie costal and transverse processes of the occipital vertebra to the 
condyle. The paraoceipital process and the lamina alaris of the lateral 
region may be analyzed on the evidence found in this foetus into the 
costal and transverse process of the occipital vertebra). 

The otic capsules are well developed and they form with the parietal 
plates which surmount them a considerable part of the side wall of the 
skull, which contrasts markedly with their basal position in the 'adult. 
In the orbito-temporal region the sphenoid body is a solid mnaa of carti¬ 
lage. There is a well developed dorsum sella), and sella turcica. The 
lamina hyochiasmatica, which in earlier embryos is on a level with the 
floor of the sella turcica, is elevated. The optic foramina are iioi yot 
surrormded by cartilage, the ala) orbitalis being nnconneclcd with the 
prsesphenoid. There are well developed ala' hyochiasmati(*a free from 
both prsesphenoid and alw orbitalea. 

The aim temporales show separation into two ])arth, the procc'Ssus irlaris 
related to the basi^honoid, surd an independent procoHSiis iiscendons. 
The processus alaris is extended to tire cochlea hy a comniissursi ali- 
r-ochlearis. The foramen rotundum is complete, the foramen ovale only 
indicated. 

In the ethmoidal region the septum nasi is well developed. The nasal 
walls, however, are merely small plates of cartilage with only slight iii- 
rollmg of the ventral edges io indicate the maxillo-tnrbinals. There is 
110 nasal roof or floor. 

Ossification has bepn in two bones only, the maxilla and mandible. 
Meckel 8 cartilage is a massive strneture, continuous dorsally with the 
malleus which shows manubrium and caput. The incus shows all its 
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proce'isu'^. The stape'> is of younger tib&ue than the other Obbieleb, and is 
still connected by an “interhyale” to the dorsal end of the hyoid cartilage. 

Mr. Nichols stated that his paper deals with Tertebrate varianh 
(forms or species of animals more or less related but differing from one 
another) whieli, although geographical, are not direct or ob\ious.re¬ 
sponses to the environment. 

Seieral tipes of lariant are defined. Eepresentative foms occupy¬ 
ing adjacent regions arc designated as adjacent races or species; forms 
intermediate in strneture between adjacent forms and occupying terri¬ 
tory remote from them as foreign, intei mediates; related forms occupy¬ 
ing the same territory and contrasted in superficial characters as com¬ 
plements; forms separated geographically and allowing greater lesein- 
blance (not induced by eniironmental adaptation) than their degree of 
relationship would presuppose, as outcrops. 

The hypothesis was advanced that, probably on account o£ competition, 
closely related foims are antagonistic. That is when in touch geograph¬ 
ically they tend to force one another apart in superficial characters. If 
this hypothesis, which seems to fit into certain known facts extremely 
well, be accepted, it involves a centrifugal force in evolution opposed to 
the centripetal tendencies of blood relationship. 

It is the main theme of the paper to advance the concept of these two 
forces as the fundamental framework of evolutionary control, the helm 
which is swayed by natural selection or other forces. 

The Section then adjourned. 

■William "K. Gheqoet, 

Secretary. 

SECTTOX OF GEOLOGY AXL) MIXEEALOGY 
21 Febbv-uiy, 191 G 

Section met at 8:20 p. m., Vice-President Douglas "W. Jolinson pre¬ 
siding. 

Tlie minutes of the last meeting of the Section wore road and ap¬ 
proved. 

The following program was presented: 

S. H. Knight, Olim-vtic Ooxditions inr Sotjtherit Wyoming 
Dtoinq Deposition op the “Red Beds." 
Charles P. Berkey, Unstable Conditions Eytiibited by some op the 
Rock Foundations op the Hudson Valley. 
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SoMMAiiY OP Papers 

Hr. Knight stated that the “red beds” coiisisl principally of sand¬ 
stone, arkoses and conglomerates, witli suialler amounts of limestone and 
g)-paum. They outcrop over hundrods of thousands of square miles in 
tiic territory embraced by Wyoming, Colorado, New Mexico, Kansas, 
Oklahoma, and Texas. They are late Pennsylvanian in age. Mr. 
Knight attempted to pro\e that the "red beds’’ are for the most part 
continental in origin, and that the climate was arid to semi-arid. By 
means of type geological sections A and B some fifty miles apart, by 
three block diagrams illustrating the relief at various stages in the his¬ 
tory of the region, and by ten lantern slides the speaker proved his con¬ 
tentions. In summing up, Mr. Knight stated that heretofore the “red 
beds’’ had been regarded as of marine origin, rather than of continental. 
His presentation of the subject argues for the tori’ential, fluvial, and 
seolian origin of the greater part of the doposite instead of the marine 
one. The Upper Pennsylvanian age of the lower 800 feet of the “red 
beds” was detemined from a pelecypod fauna found in the thin lime¬ 
stone member of Section A. The paper was discussed by Doctors Ora- 
bau, Finlay, -Tohhson and Itueds. 

Dr. Berkey slated that the rock formations penetrated by the various 
tunnels of the Aqueduct were at many places not at all stable. The 
causes of instability are eliiefly of two kinds. First: The excessive 
rock decay, represented both by badly fractured crush zones through 
whidi water has circulated to considerable depth, and also a few places 
where superficial decay matters of pre-glacial origin are still preserved 
beneath the drift. Very many crush zones with weakened material wore 
encountered. The most extensive development of weathered rock of 
superficial relations was in tlie. vicinity of Oarrison iu the Highlands, 
where the tunnel extended for several hundred feet through such ma- 
tertal. Second: A type of instability of very different character is rep¬ 
resented by rock which is under strain and which tends to relieve itself 
when the support is i-emoved, as liappcns in the case of tunneling or shaft 
construction, allowing slabs to break off from the walls sometimes with 
considerable suddenness and noise. This is called “popping-roek” by 
the workmen and has been a source of considemble danger. It has been 
observed in several different formations, most prominently in the Bsopus 
sliales, the Storm King granite, and the Eavenswood granodiorite. The 
author undertook to explain in some detail the condition exhibited at one 
of these places in the vicinity of Cornwall on the Hudson, where it was 
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fotind that there was movement in the rock through which the tunnel 
passed, after the concrete was placed and put under test. Various ex¬ 
planations have been suggested for this movement, and consequent leak¬ 
age from the tunnel. Dr, BerkeVs explanation involved the question 
of the movement dependent upon this known tendency of the rock to 
relieve the strain under which it is subjected. It is thought that the 
bursting pressure of the water when the test was made tended to add to 
the natm'al tendency of the rock, and the result was a movement which, 
except for this help, would probably not have taken place. Movement 
to the extent of jostling the blocks in the complexly fractured granite 
was aided by the escaping water, which tended to wash out the soft clay¬ 
like gouge which normally fills many of the crevices or joints. The 
chance of being able to stop the leakage under these circumstances 
seemed so remote that it was finally decided to construct a new section 
of tunnel at this point at a lower level, to avoid the unstable condition 
that had been encountered. The interesting phenomenon from a geo¬ 
logical standpoint is the fact that the rock had the appeai'ance at all 
times during construction of being one of the most substantial and 
stable sections in the whole Aqueduct line. 

The Section tlien adjourned. 

Chester A. Eeeds, 

Secretarij. 

SECTION OF ANTHEOPOLOGY AOT) PSYCHOLOGY 
28 February, 1916 

The Section met at 8 p. m.. Prof. E. S. Woodworth presiding. 

The minutes of the last meeting of the Section wei*e read and ap¬ 
proved. 

The following program was presented; 

Bnssel L. Gonld, Tests op Maeuae Acouraoy op PRE-vorATioir.\L 
School Boys. 

G. 0. Myers, Association and Classipication. 

Edith P. Mulhall , Tests op the Meatoby op School Children. 

J.Ii. Stenquist, Tests op Mechanical Ability. 

Sdmcaey op Papers 

Mr. Gould stated that the tests were undertaken for the purpose of 
offering some poR.«ible data on the efficacy of the newly established Et- 
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tinger Pro-vocational Schools of Non' York City, in improving the gen¬ 
eral manual accuracy of the hoys. The prol)loiu rosolxcd itself into a 
new asiwct of the old question of transfer from j)raelice(l ahilitics to un- 
praeticecl ones. 

The plan was to test at the heginning of the school year two groups 
of Boys; one group of those Just beginning the prc-\ocational shop work, 
and the other a control group of academic hoys of the same grade and 
school. At the end of tire year the tests are to he repented. In so far 
as they are a reliable indev of general motor ability, they an* expected to 
indicate some effect of the slio]) work. 

The necessity for large groups and for moderate haste prevented the 
use of more than three tests on each ho.^. T’hose ua>d were the Thrust¬ 
ing, the Hammering and the eoimnon 3-hole tost. 'The first two were 
designed for this work. 

The Thrusting tost required a full arm movomont; to hit with a pencil 
the middle target of a row of three varying targets, thirty rows appear¬ 
ing from behind a screen at a constent speed. Four groups of thirty 
were used at four speeds, such that each row was in sight for 1.0 sec., 
1.2 sec., 1.6 sec., and 2.0 sec. Each hit was separate and distinct, as one 
row only was in sight at a lime. The number of hits ranged from 0 to 21, 

In tlio Hammering tests the subject used a specially prepaml ham¬ 
mer, to hit three points, distant from cacli oUior by 50 cm. Time wax 
con.stant. measured by the heals of a metronome, at the average rate 
preferred by ten hoys. An improvement in ihe apparatus records each 
hit electrically on a kymograph. Tliere were xery marked differences 
in the abilities of the boys, the hifs ranging fvfmi 0 io 20 in 50 shots. 

The 3-Holo tost was loo well known to be doseribc'd. Time «as taken 
for 50 contacts. 

Mr. Myers stated that tl\e purpose of this study is Io investigate tire 
natural tendency of classification as shown by I lie snirorioi' speed in nam¬ 
ing (within certain limits) suceessivc individuals of a single class over 
the speed of naming single individrrals of successive classes. 

In the preliminary test each of VI normal school girls was supplied 
with a copy of 2 scries, each of 10 class names of familiar things (Group 
I) These two series interchanged reappeared on the opposite side of 
the page (Group 11). About half the subjecis wore givcu 18 seconds to 
write the names of things falling under each of the 10 class names of 
the first series. Then for the second series they were given a total of 
180 seconds to write successitely under each of the 10 class names, one 
name at a time, as many individual nanioa as possible. For the other 
half of the subjects the procedure throughout was roveiwd. 
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The suece&she association nnder single class names may be called leitK 
controlled, the other more controlled associates. In the 3 minutes the 
average total number of words given for group I as less controlled asso¬ 
ciated is 56.4:, M. T. 5.8, with a range of from 34-80 words. For more 
controlled associates the respective figures are 46.1, 4.9 and 30-60. For 
group II the less controlled associates give 60.4, M. T. 6.5, and a range 
of from SO-I? words; the more controlled 43.5, 4.0 and 32-58 respectively. 
This test is unfair to the less controlled records because of time lost in 
wilting. 

In a second experiment on 56 more girls the subjects were divided into 
pairs, each member of the pair serving as subject and experimenter m 
turn. 

The writer read 20 class names pausing 8 seconds for each name while 
one of each pair named as many individuals of that class as possible. 
Xumber two recorded the number of individual names given. Then 
number one was provided with a list of these 30 class names and on 
signal she named an individual of each class name, repeating the opera¬ 
tion until intermpted by writer at the end of 3 min. 40 sec. Number 
two recorded the number of responses as before. Then nmnber two pro¬ 
ceeded in reverse order uith number one as recorder. 

In the 3 mm. 40 see. the average total number of individual names 
given is for less controlled associates 133.7 M. Y. 13.8, range 89-182; 
more controlled associates 66.9, M. Y. 9.7 and 53-106. Four subjects 
studied practice effect by repeating the test 9 times, over a period of 
several days. Three found an increase in the total number of associates 
of each tj-pe and the superiority of the loss controlled associates increased 
with time. For the other subject both decreased with tune. 

These facts emphasize a fundamental difference between the two 
types of associates and the rather obvious inference that classification is 
a very natural process. The study is still in progress. 

iliss Mulhall stated that an attempt was made to determine whether 
or not there are any cliaracteriistic differences between the two memoiy 
processes known as recall or reproduction and recognition. Answers 
were sought to the five following questions: 1—^Does the person who 
recalls one kind %f material well also recall another kind of material well; 
or what is the correlation between the recall of different materials? 2 — 
Does the person who recognizes one material well also recognize another 
kind as well; or what is the correlation between the recognition of dif¬ 
ferent materials? 3—^Does the person who recalls one material well 
recognize that material well; or what is the correlation between the 
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recall and recognition of the same material ? -J—Ai-e the recall records 
of girls better than those of boys as earlier literature states? Is there 
any sex difference in recognition memory? 6—Ts there any difference 
in the sex variability in recall or in recognition ? 

The subjects were 19S children, 71 in grade 6 B, 63 in 6 A and 59 in 6 
B in a city school The materials used were two series each of 36 words, 
25 forms, 35 syllables. Memory was tested half the time by requiring 
the subjects to write down what they remembered (reproduction) and 
half the time by asking them to select from auotlier set the items which 
they had and had not seen (recognition). 

The conclusions were: 1—person who can repaoduce a great many 
items of one material cannot necessarily reproduce many of another ma¬ 
terial. 2—^The person who can recognize one material well cannot neces¬ 
sarily recognize another material well. 3—A person who secures a high 
score for recalling words, forms, syllables may not necessarily receive a 
high score for recognizing words, forms, syllables respectively. (In no 
ease was the average of the coefficients of correlation as high as .30.1 
4—^There is found no superiority of the girls over tiro boys for recall, but 
a confirmation of the work of Chamberlain. There arc no sex differences 
for recognition. 5—^There is no consistent difference in sex variability 
in recall or in recognition. 

Mr. Stenquist stated that his report consists chiefiy of a description 
and exhibition of a series of mechanical tests which have been devised 
by the author under the direction of Professor Thomdiko. The first 
of these is called Construction Test, Series T, and is described in detail 
in “The Intellectual Status of Children who are Public Charges,” 
Arcliivcs of Psychology No. 33, Columbia University, Construction 
Test, Series 11, is similar to Series I, but more difficult. These tests 
consist of a series of mechanical models to be assembled under standard¬ 
ized conditions by the subjects, the original idea being to provide a test 
that did not depend upon the subject's ability to read and write, and to 
deal with heard words. In the case of Construction Test, Series I, age- 
grade standards have been built up and the child can be scored as over 
or under a standard “Construction-age”, as determined by the scores of 
433 public school children of New York City. ♦ 

The second iype of test reported upon has been named “Recognition 
of Mechanical Devices,” and consists of 66 mechanical devices, ranging 
from a common nail to a spark plug and its parts, all numbered and 
fastened to a card about 8 by 18 inches, placed in a suitable box. A com¬ 
plete list of the names of all the devices is given the subject and his task 
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consist!- in identifying each de\ir‘e known to him, which ho does by writ* 
mg the appropriate number before each name. 

Both of these tests have only been begun and the data thus far gath-^ 
ered does not warrant any further conclusions than those reported in the 
monograph referred to above. 

Section then adjourned. E. H. Lowie, 

Secreiaty, 


BUSINESS MEETING 
6 March, 1916 

The Academy met at 8:15 p. m. at the American Museum of Natural 
History, Yict*-President Ernest E. Smith presiding. 

The minutes of the last meeting were read and approved. 

The following candidate for Associate Membership, recommended by 
the Council, was duly elected: 

Adolph EluTii, Hoagland Laboratory, Brooklyn. 

The Secretar}^ reported the following death: 

Nathaniel C. Nash, Life Member since 1910, died 10 October, 1913. 
The Academy then adjourned. 

HeNEY E. CRAMPTOis", 

Acting Itecording f^ecreiari/, 

SECTION OF ASTEONOMY, PHYSICS AND CHEMISTEY 
6 Mauch, 1916 

Section met at 8:20 p. m., Vice-President Ernest E. Smith presiding. 
The following program was offered: 

Victor C. Myers, TheA^hrmical Composition op the Blood m 
Diseases of the Kidney. 

James P. Atkinson, Food Poisons, 

G. A, Reichling, Unusual Meteorologioal Conditions Ob¬ 
served During a Winter-Plight in a Tractor 
Biplane. 

Summary of Papers 

Dr. Myers stated that normally the non-protein nitrogen of the blood 
in the human subjects amounts to 25-30 mg., the urea nitrogen to 12-15 
mg., the uric acid to 2-3 mg., the creatinine to 1-2.5 mg. and creatine to 
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5-10 mg., all calculated per 100 cc. of blood. The ease of excretion of 
the three moat important nitrogenous waste products—creatiuine, urea 
and uric acid—seems to fall in the order just named, possibly owing to 
purely physical laws of concentration and solubility. In gout, where the 
permeability or activity of the kidney is only slightly lowered, we en¬ 
counter an increase only in the uric acid concentration of the blood (4-9 
mg. per 100 cc.). In the early states of chronic interstitial nephritis 
a giniilar retention of urea is observed. Here, however, we begin to find 
a retention of urea as well (urea nitrogen figures from 15-35 mg. per 
100 cc.), although, as yet, there is very little influence upon the cre¬ 
atinine. As the disease becomes more severe, the retention of urea in¬ 
creases (60-80 mg.), although, with improvement, it falls. Creatinine, 
however, is normally excreted with such great ease that it is apparently 
only in the last stages of the disease that a notable retention ocours, 
figures over 5 mg. per 100 cc. indi<a.ting, as a rule, an early fatal termi¬ 
nation. The blood creatine has been found increased in only a few 
cases, viz., terminal cases of interstitial nephritis with very high figmes 
for uric acid (13-27 mg.). 

The retention of the nitrogenous waste products is frequently of less 
immediate concern than the retention of acid substances. As an indica¬ 
tion of the actual severity of an acidosis, we recently found Van Slyke’s 
method of ascertaining the CO 2 combining power of the blood plasma of 
very great value. 

In the early cases of diabetes the glucosuria is a very reliable guide 
as to the hyperglucemia, although quite the reverse may be true in cases 
of long standing with nephritic complications. Here one may encounter 
very high figures for blood sugar with a very small amount, or even no 
sugar in the urine. In one case the blood sugar of 1.10 per cent., ten 
times the normal, was observed with only 0.5 per cent, of sugar in the 
urine. In such cases the estimation of blood sugar is of greater value 
than the urine sugar. 

Mr. Atkinson outlined his paper as follows: 1. Definition of Foods 
and Poisons. In general, Foods comprise those substances which taken 
into the body go to or assist in building up the body cells and furnish 
energy. Poisons are those substances which taken into the cells interfere 
with its normal metabolism. 

Foois PoitOM 

Animal Animal 

, Vegetable Vegetable 

Mineral Mineral 

Synthetic Organic Compounds Synthetic Organic Compounds 
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Foods may become poisons xinder certain conditions and, vice versa, 
poisons may become foods. Certain foods (protein) may predispose 
(sensitize) for subsequent poisoning by the same food. Certain generally 
accepted food substances may possibly become the source of serious or 
fatal illness through refinement in manufacture—^that is, by the removal 
of some necessary constituent, as the removal of the pericarp in polishing 
rice (so-called deficiency diseases). 

8. A brief enumeration of food poisons, including preservatives and 
heavy metals. 

3. Discussion of the action of heavy metals as poisoning agents and 
demonstration with guinea pig showing that the normally toxic dose of 
mercury (as an example) is lery much diminished if first treated with 
protein—^that is, protein first fixing the metal prevents its action. A 
brief summary of the fixing power of heavy metals by protein with the 
conclusion from experimental data that the toxicity of certain heavy 
metals appear to be functions of their combining powers with protein— 
that is, the firmer the combining power the more toxic is the metal. 

4. Deficiency diseases.—^The demonstration of polineuritis in a pigeon 
fed exclusively on polished rice. 

6. A brief discussion of idiosyncrasy of foods; the theory of anaphy¬ 
laxis for idiosyncrasy to protein foods with a demonstration of anaphy¬ 
lactic shock in the guinea pig sensitized to horse serum. 

Mr. Beiotiling stated that a fiight was made about 2 ;30 p. m. January 
16, 1916, in a Huntington military tractor at the hangars of the Hunt¬ 
ington Air Craft Co., Garden City, L. I. The pilot was P. C. Millman 
of the Areo Club of America. Mr. Lacey, Mr. Vincent Armor and 
several mechanics were witnesses. The afternoon was quite cold and 
slightly cloudy. Ground temperature perhaps 15° F. The time of 
flight was ten minutes. Distance covered about 12 miles. Maximum 
altitude about 1600 feet. They passed through mist and some low 
hanging clouds and could see a considerable portion of the island at 
maximum altitude spread out in contour style. The air was quite dear 
above 1,000 feet. The speed of the ascent was about 800 feet per minute 
(perpendicular). No difficulties were caused by air conditions. Mr. 
Beichling formd street clothes adequate with exception of cap, and it 
would have been easy to make various scientific observations just as 
readily as on the ground. The author believes that it will be possible 
to make observations throughout the year in this way, to test tibe feasi¬ 
bility of wireless apparatus, to study solar spots or prominences during 
total eclipses, etc. Air-samples at different altitudes, studies in ioniza- 
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tion, cosmic dust and map-inaJdng show how various the possibilities of 
these flights might be, with the proper instniments. 

The Section then adjourned. 

V. E. LevinI),, 

, Becnlary. 


SECTION OF BIOLOGY 
13 Maboh, 1916 

Section met at 8:16 p. m., Vice-President H. von W. Schulte pre¬ 
siding. 

The following program was presented: 

W. W. Browne, The Bactbrioeogt op Aih. 

George G. Scott, Oxygen Utilization in Pishes. 

F.H. Pike, The Siqnipioance op Certain Internal Factors 
IN Organic Evolution. 

Summary op Papers 

Dr. Browne stated that determinations of the raicrobic content of the 
atmosphere were made under the direction of Prof. C-E. A. "Winslow, 
Chairman of the New York State Commission of Ventilation. A total 
of 386 samples of air were examined during the first six moAths of 1914, 
obtained from four different groups of sources: country (85 in number), 
city (135), ofiSce (87), factories (47). The samples of air were collected 
and examined by the methods prescribed by the Committee on Standard 
Methods for the Examination of Air of the ximcrican Public Health 
Association. 

Summary 


Source. 

Number. 

Microbes Per on. ft. 
20*>C. 37“ C. 

streptococci 
100 cu. ft. 

UTitaoor: 

Country .. 

. 85 

56 

30 

12 

City . 

. 134 

72 

32 

11 

Indoor: 

OfiSce . 

. 87 

94 

80 

22 

Factories . 

. 47 

m 

63 

43 


The microbes include both molds and bacteria. 


Conclusions.—^The number of bacteria developing at 30" 0. from out¬ 
door air is generally under 50 per cubic foot and rarely over lOO. 
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The count at 37° C. for such air is about half that of 30° C. and 
rarely o\er 50 per cubic foot. 

The air of occupied spaces diows larger average numbers of micro¬ 
organisms and greater fluctuations. The 30° C. count may average over 
100 per cubic foot and may reach 700 or more. The 37° C. count aver¬ 
aged over 50 in the factories and offices. Mouth streptococci are more 
abundant in the indoor air, ranging from 30 to 40 per 100 cubic foot 
of air. 

Dr. Scott stated: A. Lowering of the temperature causes a reduction 
in the rate of osygen consumption. B. Oxygen was consumed more rap¬ 
idly in tall, narrow vessels of water than in broad, shallow ones. G. 
Pishes kept in dark vessels apparently consume oxygen at a less rapid 
rate than those exposed to light. D. Some fonns show more resistance 
to low oxygen supply than others. This is particularly true of inverte¬ 
brates. Eespiration ceases altogether, and commences again if the speci¬ 
men is retumed within certain time limits to aerated water. The toad 
fish and killifilsh live in water with low oxygen content, while a butter- 
fish and menhaden quickly succumb to reduction of oxygen supply. E. 
Most marine invertebrates consume oxygen at a very low rate; fishes at a 
much higher rate; with amphibia the rate is between that of inverte¬ 
brates and fishes; the rate with mammals and birds is relatively high, 
that of birds being extremely high as compared with anatomically lower 
forms. 

Professor Pike stated that the changes which occur in animals and 
plants may be divided as follows: 

1. Changes of form—growth and development, ontogenetic and phylo¬ 
genetic. 

3. Changes of position—^the phenomena of movmient. 

3. Changes of material and energy. 

There are many contributions to the study of evolution from tlie stand¬ 
point of changes in form and changes in position and but few from tire 
point of view of changes in matter and energy. The effect of environ¬ 
ment upon the organism is manifested through the changes in matter 
and energy. Injurious substances in the environment may slow down 
or stop the processes occurring in living matter. The faihrre of moisture 
may mean death or encystment. A low temperature means a slowing 
down of life processes, a suspension of activity or death. Distribution of 
an organism is restricted to a region in whiA a given set of conditions 
exists. Herbert Spencer pointed out the fact that some organisms have 
acquired a certain degree of independence of the environment. My own 
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interest in the subject relates to the mechanisms by mesns of which this 
independence of the environment is secured. The study of the effects 
of the environment may be taken up in terms of the changes in internal 
conditions. If the environment really does affect these internal eon- 
ditiens, we have the possibility that tlic environment is one cause of 
variations. The questions of adaptation, the struggle for existence, the 
survival of the fittest and geographical distribution may all be approached 
from this point of view. 

The paper was discussed by Dr. E. L. Scott. 

The Section then adjourned. 

William K. Gbegobt, 

Secretary. 

SECTIOF OE GEOLOGY AND MINERALOGY 
20 Maboh, 1916 

Section met at 8:15 p. m., Vice-President Douglas W. Johnson pre¬ 
siding. The minutes of the last meeting of the Section were read and 
approved. 

The following program was presented: . 

Willis T.Lee, Applioatiok op Phtsioobaphio Methods to the 
Cobbblatioh op Noh-mabinb Eobmations in the 
Rooky Mountains. 

Sdmjiaby op Papeb 

Dr. Lee described his attempt to work out the sequence of events dur¬ 
ing the physiographic evolution which resulted in fte stratigraphic and 
structural rdations now observed in the rocks of the Mesozoic age in the 
mountain region. The ancestors of the present Rocky Mountains were 
eroded during Triassic and Jurassic time and late in the Jurassic period 
they were reduced to a peneplain. On this plain were spread out the 
continental deposits which constitute the La Plata sandstone and its age 
equivalents. The lower parts of the plains were covered with sea water 
in ihe later part of the Jurassic period. In the sea, where the water 
was suitable for marine organisms, there accumulated the fossiliferous 
beds which now are called Sundance. However, the sea water found its 
way landward over the nearly levd plain far beyond the places favorable 
for the life of marine organisms and gathered in shallow bays where, by 
evaporation, it became unsuitable for habitation. There are beds of 
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limestone and gypstim within the La Plata group which seem to have 
been classed by some geologists with the underlying red beds and by 
others with the overlying Morrison, and may be due to the spreading of 
the Jurassic sea over the peneplain. 

The Section then adjourned, 

Chestbb a. Beeds, 

Secretary. 


SECTION’ OF AUTHEOPOLOGY AND PSYCHOLOGY 


27 Maeoh, 1916 


Section met at 8:15 p. m., in conjunction with the American Etlmo- 
logical Society, Dr. P. E. Goddard presiding. 

The following program was presented: 

A. A. Goldenweiser, Notes on Melanesian Oboanization.* 


The Section then adjourned. 


R. H. Lowib, 

Secretary. 


BUSINESS MEETING 


3 Apeil, 1916 


The Academy met at 8:20 p. ic. at the American Museum of Natural 
History, President Michael T. Pupin presiding. 

The minutes of the last meeting were read and approved. 

The following candidate for Active Membership in the Academy, rec¬ 
ommended by the Council, was duly elected: 


Lucius P. Brown, City Health Department. 


The Academy then adjourned. 


Henbt E. Cbampton, 


SECTION OP ASTRONOMY, PHYSIOS AND CHEMISTBT 
3 Apeil, 1916 

Section met at 8:20 p. m., Vice-President Ernest B. Stnith presiding. 
The following program was presented; 

• Science, Vol. XUV, 1916, pp. 824-828. 
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George B.Pegrani, Abe Thebe Axomh of Lioiit?—The Quanium 
Theoby. 

SUMMAKY OF PaFER 

Dr. Pegram diseiiBsed the several experimental facts that have led to 
the determination of a certain uimersal constant, usually referred to as 
Planck’s “h”, and the attempts that are being made to work this constant 
into physical theory; how the fact of this constant means that the atomic 
mechanism of radiation and absorption of light or other electromagnetic 
radiation involves tlie transfer of elementary discrete quanta of energy, 
the magnitudes of these quanta being directly proportionate to the fre¬ 
quency of the vibration; the irreconcilability of the quantum theory with 
the formerly accepted theory of the equi-partition of energy; the quantum 
theory as apparently incompatible with the accepted laws of mechanics. 

The Section then adjourned. 

V. E. Levihe, 

Secretary. 


SECTION OE BIOLOGY 
10 April, 1916 

Section met at 8:13 p. M., Vice-Pmsident H. von W. Schulte pre¬ 
siding. 

The following program was presented: 

H. B. Williams, An Bleotrioal Theory of Nerte Impulse. 
H.T011 W. Schulte, The Morphology op the Azygos Veins. 

Summary of Paper 

Professor Schulte stated that the azygos \cinH, contrary to the impli¬ 
cation of their name, are originally paired ehanncls developed in the 
plexus about the anlages of the vertebra' and constituting when fully 
formed a series of anastomoses between segmental veins which extend 
from the head to the root of the tail. These serial anastomoses make 
their first appearance in embryos of sauropskls where they develop as a 
collateral channel for the drainage of the body segments as the regression 
of the mesonephros entails a reduction of the posterior cardinal vein. 
CoincidieaitaUy a second longitudinal vessel on each side emerges from the 
abundant plexus about the neura.xia within the spinal canal, and this too 
receives blood from the M'ginental 'l’ho.se two sets of channels. 
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intravertebral or spinous, juxta^ertebral or azygos, agree in drainage 
area, in the rationale of their deTelopment and in having connection with 
the districts both of preeava and of posteava, between which tliey so 
extend as to be able to seiwe as an equilibratory anastomosis tending to 
equalize conditions of flow in the two great drainage areas of the systemic 
\eins. Both have numerous connections across the vertebraj with their 
antimeres. In tlie case of the azygos the enlargement of some of these 
connections pemits of the development of asymmetry and the ultimate 
preponderance of the vein of one side. This, as might be expected from 
the normal doxtral position of single pre- and postcavse, is usually the 
right and presumably the factor common to all three cases in the early 
shift of the venous end of the heart to tlie right. While appearing first 
in embryo sauropsids in many and perhaps the majority of adult forms 
the azygos is reduced and this seems to depend in general upon the selec¬ 
tion of the spinous channels as the favored line for segmental drainage) 
a more variable factor exists in the establishment of connections between 
the right azj'gos and portal tributaries first in the caval lobe of the liver, 
later verj' generally in the extent of the foregut. 

The locus flassicus for the history of the azygos is Eathke’s study of 
the development of Tropidonotiis natrix. He also investigated the con¬ 
ditions in birds. Later Hoehstetter examined the subject in several 
laeertilians. In all it appears that the cervical portion of the system 
becomes included in the costo-transverse space giving rise to the anterior 
vertebral vein. The same position may be occupied by the posterior ver¬ 
tebral vein where the costocentral articulations are present as in birds 
and for three segments in sauriaus (Eathke). This position is secondary 
and depends upon the interruption of the plexus about the vertebras by 
the developing capitela with the persistence of the portion of the plexus 
included between rib and transverse process. Chelonians stand apart 
from other sauropsids in that they develop a homodynamous vessel dorsal 
to the transverse processes. 

In mammals essentially similar conditions obtain, as Eathke pointed 
out in 1837. A series of anastomoses extends on each side of the spine 
from occiput to tail connected across the vertebrae b}’ numerous anas¬ 
tomoses. The whole system has been termed the supracardinal veins 
by Huntington and McClure, to whom we owe the recognition of its par¬ 
ticipation in ike formation of the postrenal segment of the post- 
cava in plaeentals. It was later termed prevertebral plexus by Hunting- 
ton, Prom this plexus the azygos developes in a maimer analogous to its 
formation in reptiles. This was recognized by Eathke, who interpreted 
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the azygos as a new or secondary vein retaining only the termination of 
the posteardinal as its point of debouchment. Unfortunately in the fol¬ 
lowing year Eathke modified his view and considered that the azygos was 
of postcardinal origin to the 8th or 10th intercostal space and only beyond 
that -was what we should now term supraeardinal. This error taken up 
by Huntington has obtained wide currency, though it has been corrected 
by Zumstein (1897) in the guinea-pig, by McClure in the opossum 
(1902) and by Sabin (1915) in the pig. 

Amn-ng adifit mfl-TTiTiialR the azygos may be bilateral as in monotremes 
and many diprotodont marsupials. It may be absent as in cetacea (v. 
Baer), in Choloepus and Bradypus (Hochstetter). It is usually right¬ 
sided, but may be loft, with or without the persistence of a left cava. 
' M'a.ralian and more recently Beddard have listed its conditions in many 
species. It is right-sided in Primates, Carnivora, Perissodactyla, Xenar- 
thra except the sloths, in Hyrax and in Tragulus. It is left-sided in 
many polyprotodont marsupials, in Suida, in Mosehina and in hollow- 
homed ruminants. Among rodents the right azygos is the rule; it is 
associated with a smaller left azygos in Hystrix, while in the beaver the 
vein of the left side alone persists. A specimen of this animal re¬ 
cently dissected at Columbia confirms Beddard’s interesting observation. 
In general, bilaterality of the azygos is associated with low position 
(Beddard). 

Ddllinger, v. Baer and the earlier students of the vascular system gen¬ 
erally were familiar witli the plexiform character of the embryonic blood 
vessels and appreciated the rdle of hydrodynamic factors in formation of 
trunks by the selection of certain lines of flow from the multiplicity of 
possible channels afforded by the plexuses. Since Eoux and Thoma the 
appreciation of the mechanical factor has become general and the impor¬ 
tance of the drainage area in determining the proximal channel has been 
recognized. The peripheral plexus increases with the size of the part 
in which it lies, and with the differentiation of the part tends to acquire 
independence from the general plexus. The venous trunks become the 
indexes of the development and growth of their drainage areas and the 
pattern of the great veins is, as it were, the expression and integration 
of the specialization and relative growth rates of the various parts of 
the body, and is relative to the embryonic condition, a reduction and sim¬ 
plification, serving to promote mechanical efficiency by the diminution 
of surface friction by the substitution of a few large trunks for the 
numerous plexiform channels. As this is accomplished the general 
venous plexus becomes resolved into independent districts coimected ulti- 



BM00RD8 OF MEMTINOS 


871 


mately by feeble and variable anastomoses, e, y., pulmonary, portal, porto- 
renal, systemic, the latter subdividmg into preeaval and postcaval areas. 
Between these the spinous and azygos vessels act as equilibrating anas¬ 
tomoses (v. Baer), and are therefore brought into competition, a com¬ 
petition which in sanropsids results unfavorably to the azygos as a gen¬ 
eral rule, for here portal connections also tell against the azygos. Such 
connections in mammals are formed between the postcardmal and portal 
(Zumstem, Brown, Davis), but they are evanescent and antecede the ap¬ 
pearance of the azygos, which maintains itself as a moderate sized and 
rather variable chmmel except m cetaceans and sloths. In these forms 
the spinal channels are of great size. 

The Section then adjourned. 

William K, GtEEGoet, 

Secretwry. 

SECTION OP GEOLOGY AND MINEEALOGY 
17 Apeil, 1916 

Section met at 8:15 p. m., Vice-Pr^ident Douglas W. Johnson pre¬ 
siding. 

The minutes of the last meeting of the Section were read and ap¬ 
proved. 

The following program was presented: 

George F. Eiu^ Kbmaeks on a Psetjdo-metbobite, Ieon 

Pteitb Cetstals, and a Black Du- 
mond. 

George I. Finlay, The Geoloot op Noeth Pabk, Coloeado. 

A. W. Grabau, Geology op the Island op Gotland in 

THE Baltic Sea. 

]l 9 iss Marjorie O’Conndl, Notes on the Geology op Oesel in the 

Gulp op Big a. 

SuMMAET OP Papers 

Dr. Ennz stated that a pseudo-meteorite was sent to biTn for examina¬ 
tion by Mr. Eobert A. Creager, of Mount Grab, Ohio. It weighs four 
poimds and two ounces and is about the size and shape of a double hand. 
It is not a meteorite, but a piece of cast iron scorao. As it had been in 
the ground for some time it was thoroughly rusted. 
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A new' locality for pyrite was found in the past few months at the Ibex 
Mines, Coloiaclo. The crystals are of special interest because of their 
magnifieent character and their frequently hcinamoi-phic shape, two of the 
four faces being entii-ely eitbic (n) and the plan of the crystals peutagoual 
dodecahedrons (c). The crystals are unusually compact of typo cut into 
fiTtiall jewelry and sold under the name of “mareusite” in the early part 
of the eighteenth centurj'. One of the ciystals weighed more than two 
pounds. 

An irregular, cubic crystal of black diamond, weighing ISS.'J'S carats 
and measuring 22.5 millimeters on each face, 11 millimeters in width and 
6 millimeters in depth was foimd at the Jagersfontein mine. Although 
of cubic form, it is built up of rounded octahedral conglomerations. 

Professor Finlay stated that North Park is located near the boundary 
line of Colorado and Wyoming. The rocks are of sedimentary and vol¬ 
canic origin. The platform upon which tiro sediments rest is largely 
made of gi'anite, and tliere are considerable amounts of gneiss and schist, 
and then comes the Farrell limestone, which is about 30 feet thick. 
Above it one finds about 1,300 feet of red sandstone. Next comes the 
Morrison, about 360 feet in thickness, and above this the Glen Gairen 
shales. Then comes the true Dakota, about 100 feet thick, and above is 
a rather complete series of Cretaceous beds, closing with the Pierre shales, 
•4,300 feet thick. The chief economic deposit found here is coal, which 
is quite phenomenal, having a thickness of 50 feel in some places in the 
Coalmont formation. Tory little of it is mined, however, since it is too 
soft for commercial piuT)oses. 

The paper was discussed by Dr. Johnson and Mr. Knight. 

Professor Grabau stated that ihe structure of tlie island of Gotland is 
very simple, being composed of slightly tilted lijncstone and shale beds 
witii no faults in evidence. It is very rich in fossils. The Ganrbrie, 
Ordovicic, and Siluric beds were deposited in this region in normal 
sequence. Subsequently the region was submerged beneath the waler of 
the Baltic, except for the island of Gotland. Here two scries of forma¬ 
tions are in evidence, a lower in the north and an upper in the south. 
These two series, however, do not eorrelah* one with the other, as some 
European geologists have tried to prove. Professor Grabau believes ihat 
the higher series in the south correlate with the Lower Ludlow of the 
English section. There is a break between the Upper and Lower Ludlow 
in Europe which is represented in America by the Salina. The Uppei 
Ludlow is the equivalent of the Monroe of Michigan. The Lower Lud¬ 
low, Wenlock and Llandovery correspond io the American Niagara and 
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Medina. The Lower Ludlow is present in the south of Grotlaiid and 
overlies the beds found in the north. It is perfectly evident if this inter¬ 
pretation is correct that the sea withdrew hero, and that there was a 
period of exposure .sufficiently long to pcmit of the removal of the beds, 
which are now absent in the northern part of Gotland. This is ptoved 
by the paleontology of the region, as weU as by the physical character of 
the rocks, especially the sandstone, which is a sandstone of purely conti¬ 
nental origin, and was in large part worked by the wind and corresponds 
to our Salina beds. 

Miss O’Connell stated that in Pre-palseozoio time the Oesel region was 
composed of cr 3 *staUines and was worn down to a peneplain. Upon this 
surface the sea advanced from the south and southeast. This peneplain 
was not perfect, it being a little irregular and slightly tilted. First 
came the Cambrian, then the Ordovician, then the Silurian, and at the 
end of the Silurian period the sea retreated; some of tlie continental 
deposits were spread out over the area. Then the region was peneplained. 
Erosion was caused by rivers flowing in a radial direction, which wore 
off a deal of the surface. Finally only two islands were left. Dago and 
Oesel, the rest of the region being submerged. 

The most important fossils found here are eurypterids, which are world 
famous on account of their almost perfect preservation. Nothing has 
been changed in the preservation of these animals; even the hairs on the 
outer shell are intact. This horizon is only a foot or two In thickness, 
yet thousands of organisihs compose the mass. These eurypterids were 
carried there by the rivers of that time. It is interesting to note that 
their nearest relatives are found in western New York, which are the 
second best preserved fossils in the world. This may be explained by 
the fact that in Palaeozoic time there was a continent extending from 
North America to western Europe, which was drained by rivers inter¬ 
lacing with one another; this enabled the animals to migrate from 
one river to another. The New York formation is similar to the one of 
Oesel. There is a thin layer of limestone, which contains eur 3 'pterids, 
followed by a conglomerate of about one foot in thickness, which marks 
the break between the limestone beds of the lower and upper Ludlow. 

The two latter papers were discussed by Doctors G-rabau, Johnson, 
Knight and Seeds. 

The Section then adjourned. 

CitESTEE A. Seeds, 

Secretary. 
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BUSINESS MEETING 
1 May, 1916 

The Academy met at 8:23 p. M., at the American Museum of Natural 
History, Vice-President Ernest E. Smith presiding. 

The minutes of the last meeting were read and approved. 

The Acting Secretary read the following minute prepared by Pro¬ 
fessor E. B. Wilson relative to the death of Theodor Boveri: 

Theodor Boveri, professor at the University of Wurzburg and one of 
the most eminent honorary members of this Academy, died in Wurzburg 
October 15,1915, at the age of fifty-three years. A native of Bamberg, 
Germany, he studied at the University of Munich under Kupiler and 
Bichard Hertwig and subsequently became privat-docent at that Univer¬ 
sity. In 1893 he was called to the University of Wurzburg, succeeding 
Semper as Professor of Zoology and Comparative Anatomy and Director 
of the Zoological Laboratory. Pour years ago he was oflerod tho chair of 
Zoology at Preiburg as successor to August Woismann and later was called 
to tile directorship of the newly established research laboratoiy of the 
Kaiser-Wilhelms-Institute at Berlin; but both these offers he declined, 
remaining loyal to the laboratory which under the direction of Semper 
and himself W become one of the leading centers of biological research 
in the world. 

Boveri’s place among the illustrious leaders of biology is already 
assured, though his name is still not widely known outside scientific 
circles because of the abstruse and unfamiliar character of the researches 
to which his life was devoted. No investigator of our times has accom¬ 
plished more to elucidate the intricate problems involved in the physical 
basis of heredity and the mechanism of development. His remark¬ 
able series of Zellm-Sliidien,, beginning in 1887 and extending through 
more than twenty years, illummated the whole field of cell-division, fer¬ 
tilization and maturation of the germ cells. He was the main founder 
of the theory of the individuality and genetic continuity of the chro¬ 
mosomes ; and to his memorable researches on dispcrmic eggs is due the 
experimental demonstration of the qualitative differences of the chro¬ 
mosomes and their significance as primary factors in heredity. These 
researches, more than any others, opened the way to a cytological ex¬ 
planation of Mendel’s law of heredity, and led him in the last year of 
his life to advance a highly suggestive new theory concerning the origm 
and nature of tumors. His work was as masterly in experimental em- 



BEGOBDH OF MBETIFGB 


275 


bzyology as in cytology, and will constitute an enduring landmark of 
progress on the history of investigations upon the organization of the 
egg, the role of protoplasm and nucleus, and in the modem controversies 
relating to vitalistic and mechanistic conception of development. 

Boveri’s name will stand with those of Schwann, Kolliker, Eemak, 
Yan Beneden, Flemming and the few other great leaders of microsco*pical 
research; and it may be doubted whether he has had an equal in respect 
to the keenness of his scientific insight or the fruitfulness of his labors 
in the difiScult and fundamental field of inquiry. The more carefully 
we study his works the more is our admiration stirred by his qualities 
as an investigator. He was endowed with a mind fertile in ideas, of 
great logical acuteness, of perfect clarity; fie was an observer of unsur¬ 
passed accuracy and resourcefulness; and beyond all this hie work is 
everywhere permeated by that indefinable artistic quality which often 
characterizes scientific research of the highest type. With this rare com¬ 
bination of qualities he naturally and inevitably took his place among 
the foremost investigators of our time, and his work will endure as a 
classical model of creative insight, of fruitful scientific method and of 
lucid presentation. 

With a deep sense of the loss that science has sustained through 
Boveri's untimely death the New York Academy of Sciences renders its 
tribute to his rare and lofty qualities as a man and records its apprecia¬ 
tion of his brilliant original contributions to knowledge. 

The Academy then adjourned. 

Hekut E. Ceampton, 

Acting Recording Secretary. 


SECTION OP ASTRONOMY, PHYSICS AND CHEMISTRY 

1 Mat, 1916 

Section met at 8:30 p. ir., Tice-President Ernest E. Smith presiding. 
The following program was presented: 

J.H.Morecroft, The Electeoh Stium Amplifiee—An- Elbcthical 

TjLTEAJITCBOSCOPr. 

The Section then adjourned. 


Y. B. Levine, 
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SECTION OP AXTllHOPOLOOY AND PSYCHOLOGY 
1 May, 1!)1C 


The Section met in eonjimction \\ilh the New York Branch of the 
American Psychological Association at Columbia Uni\erflity. 

The following program was presented; 

Herbert W. Rogers, Some Empeeical Tests in Yooational 

Guidance and Selection.* 

Christine Ladd-Franklin, The Visibility oe the Nerve Cukbent. 
T.T.Lew, Taboos in China.* 

Samuel A. Tannenbaum, How PsYfnoANALYsis Cukes Nervous¬ 
ness.* 


The Section then adjourned. 


R. H. Lowib, 

Secretary. 


SECTION OP BIOLOGY 
8 Mat, 1916 

Section met at 8:15 p. m., Vice-President H. von liV. Schulte presid¬ 
ing. 

The following program was presented: 

George H. Huntington, The Relvtion oe the LTMriiATio and 

U.emal Channels in the Vascular Sys¬ 
tem OF THE Vertebrates. 

W. C. Clark, Some Phases op Bone Growth in the 

Adult. 

Summary of Paper 

Professor Huntington staled that the development of the thoracic 
ducts in all three amniote classes follows precisely the same main funda¬ 
mental principle, viz., the formation of honphatic channels by confluence 
of numerous originally separate intercellular mesenchymal clefts and 
spaces. 

The reptile presents this genetic process in its simplest form, in a region 
in which systemic venous development is reduced to a minimum. In 

* Abetrarts pubUahed In Journal of Phllofcopby, Vol. lail, 181(1, pp. 602-005. 
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EEPOET OF THE TEEASTJEER 

MEMBERSHIP 

Paid up, Active Members (174 of these were elected after 1 May and paid 

, $5 for 1916).304 

Paid up, Associate Members. 38 

Delinquent Active and Associate Members. 37 

Life Members and Patrons.139 

Members elect (not yet paid dues). 23 

REOEirTS 

Deoembee 1, 1915—Novembeb 30, 1916 

Cash on hand, December 1, 1915. $488.17 

Life Membership Fees.. 1,100.00 

Income from investments: 

Interest on mortgages on New York real estate. $851.82 

Interest on railroad and other bonds. 1,350,00 

- 2Ja01.82 

Interest on bank balances. 30.62 

Active membership dues, 1908. $10.00 

“ “ « 1909. 10.00 

1910. 10.00 

“ 1911. 10.00 

« “ « 1912... 20.00 

" " " 1913. 20.00 

‘‘ « « 1914. 50.00 

“ “ “ 1915. 215.00 

1916. 3,810.00 

** “ “ 1917. 195.00 

- 4,350.00 

Associate membership dues, 1015. 0.00 

" “ « 1916. 54.00 

- 60.00 

Sale of publications. 209.33 

Contribution to cost of publication. 250.00 

Subscription to annual dinner (1915). 302.50 

Porto Rico Survey (subscription). 1,000.00 

Porto Rico Government (refund of advances made on account of 

field expenses). 1,600.74 

Cash on note in bank. 1,000.00 

Total.$12,898.18 

DISBURSEMENTS 
December 1,1915—November 80,1916 

Publications on account of Annals. $1,887.68 

Publication of Bulletin. . 680,55 
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Recording Secretary's expenses. 29{1.53 

Recording Secretary’s and Editor's allownii(*e. 1,376.00 

Esther Herrman Research Fund (grants). 550.00 

John Strong Newberry Fund (grants). 100.00. 

General expenses. 105.45 

Annual meeting and dinner (3015). 401. GO 

Porto Rico Survey (advances on field expenses). 3,883.80 

Section of Geology and Mineralogy. 28.90 

Oentennial CJelebration—^Membership Campaign. 1.002.60 

Payment of note in bank. 1,000.00 

Interest on note in bank.. 13.45 

Cash on hand. 1,770.58 

Total.$12,693.18 

4 

Balance Sheet, No\ ember 30, 101G 

Investments (cost) .$42,83,2.1)2 Permanent Fund.$24,754.66 

Cash on hand. 1,770.58 Publication Fund. 3,000.00 

Audubon Fund. 2,600.00 

• Esther Herrman Research 

Fund. 10,000.00 

John Strong Newberry 

Fund. 1,000.00 

Income Audubon Fund. 885.08 

Income Newberry Fund..., 194.49 

. Income Esther Herrman 

Fund. 1,769.27 

*44,103.50 $44,108.50 


PROPERTY Cost 

Lampe Mortgage.at5 percent.. $12,000.00 

Deane-Brennan Mortgage.at5 percent,. 4,036.07 

4 Detroit City Gas Co. bonds.at 5 per cent.. 4,000.00 

3 Grand Rapids Gas Light Co, bonds.at 5 per cent.. 2,880,00 

20 Madison Gas and Electric Co. l)onds.at 0 per cent.. 10,400.00 

1 Binghamton Gas and Electrto Co. bond.at5 i)eroent.. 005.00 

1 Quebec-Jacques Cartier Electric Co. bond.at5 percent.. 965.50 

1 San Antonio Traction Co. bond.at6 percent.. 487.50 

1 San Antonia Gas and Electric Co. bond.at 5 per cent.. 487.50 

5 U. S. Steel Corporation bonds.at 6 per cent.. 5,081.25 

Participation bond of Lawyers’ Mortgage Co.at 5 per cent.. 1,000,00 

Respectfully submitted, $42,832.92 

Henrt J. Cochban, 

15 FEBBiTAirr, 1917, Treasiurr. 

Examined and found to be correct 
John Tatlock, 

Bashtqbi) Dean, 

Avditinff Committee, 1 
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EEPOET or THE POETO EICO COMMITTEE 

Under the direction of the Committee of the Academy appointed in 
1913 work on the scientific survey of Porto Eico has been continued 
during th*e year in many branches of the subject, both in the field and 
in the laboratory and in the preparation of preliminary papers and of 
the final reports. 

Areal geological surveys have been carried out by Mr. Bela Hubbard 
in the noi*thwestern part of the island, which included, among other 
points of special interest, the study of a stratum at the base of the Ter¬ 
tiary series of the island previoubly detected by Dr. C. A. Eeeds, con¬ 
taining large numbers of fossil plants: this discovery, being the first iudi- 
cation of the occurrence of Tertiary fossil plants in the West Indies, is 
of great interest, and the study of the fossil leaves may give us our 
first knowledge of the ancestors of some tropical plants; the collections 
have been referred to Dr. Arthur Hollick for study. Dr. Charles E. 
Fettke carried out an areal survey of the southwestern districts, which 
included a detailed study of the large areas of eruptive rocks in that part 
of the island. Mr. A. K. Lobeck studied the physiographic geology of 
the whole island. The reports of Mr. Douglas E. Semmes on the areal 
survey of the San Juan District, and that of Mr. Edwin T. Hodge on 
the CoamO'Guayama district, based on their field work of the previous 
season, are completed and ready for publication. Progress has also been 
made in the study of the palseontological collections made by the several 
field expeditions, and data relative to economic geology are being assem¬ 
bled. 

In botany the most important field work accomplished was the expe¬ 
dition of Professor H. H. Whetzel, of Cornell University, and Dr. E. W. 
Olive, of the Brooklyn Botanic Garden, for the study and collection of 
parasitic fungi, which was prolific in results, their collections including 
several hundred specimens, which are under investigation by a number of 
different experts. The TJredine© (rusts) of this large collection, taken 
together with the specimens of this family preuously collected, liave 
enabled Professor J. C. Arthur to prepare a noteworthy paper on this 
group for early publication. Professor F. L. Stevens has published 
during the year his monograph on the Porto Eican species of the genus 
Meliola. Additional general collections by Mr. John A. Stevenson, of 
the Insular Experiment Station at Bio Piedras, have added to our knowl¬ 
edge of a number of plants. Work on the manuscript for the final re¬ 
ports has been continued by several botanists, and a large number of 
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specimens have been returned to Porto Kico and aro deposited in the 
herbarium of the Insular Experiment Station. 

In zoology study has been continued by several investigators from the 
collections already made; they plan coordinating the results already 
reached, and thus ascertaining where the gaps exist which need to be lillcd 
by further field operations. A large collection of mollusks has been 
returned to Porto Eico for installation in the new museum room in the 
Carnegie Library Building at San Juan. Very important prelimmary 
papers on the fossil mammals obtained by our collectors from tlie floors 
of caves have been published in the Annals of the Academy by Dr. J, A. 
Allen, Dr. W. D. Matthew and Mr. H. E. Anthony, including the de¬ 
scription of an apparently new family, a new genus, and several new 
species, results which were entirely unexpected. The study of the rich 
entomological collections, by several experts, has yielded scientific in¬ 
formation of high importance and several preliminary papers arc in 
course of preparation. 

The study of the anthropological collections made during 1915 has 
yielded proofs of the use of some of the caves as burial places by the 
aborigines, and the great quantities of one of the few species of extinct 
mammals found in the caves indicate this animal was extensively used 
by them for food. Further progress was also made on the survey of the 
ancient settlement of Oapa, the mesi important of all archaeological local¬ 
ities thus far examined in Porto Eico. The reduction of the anthropo¬ 
metric data obtained has been continued; these are as yet incomplete, 
requiring additional field observation; their completion would give us 
information regarding tlie difiercnces in the rate of physiological and 
mental development of children here and in the temperate zone, which 
would be of highly educational importance, in arranging scliool curricu- 
lums in Porto Eico. The voluminous folk-lore records accumulated in 
1915 by Mr. J, A. Mason have been referred to Professor Anrolio M. 
Espinosa, of Leland Stanford University, who reports that this material 
is more extensive than all hitherto published Spanish folk-lore literature, 
and that it gives us for the first time the means of a careful comparison 
of Spanish and other European folk-lore. Dr. Herbert J. Spinden prose¬ 
cuted ethnological observations in several parts of the island during the 
season, and made extensive additional collections. 

At the request of the Committee, the Council of the Academy has 
set aside volumes of the Annals, commencing with Volume 33, for the 
final Porto Eioan reports to be published in the sequence: (1) Geology 
and Invertebrate PaUeontology, (2) Botany, (3) ZoSlogy and Vertebrate 
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Palseontology, (4) Anthropology, and, pursuant to another request of 
the Committee, the Council voted to reserve as much of the income of 
the Herman Pund as may be practicable for the next fe¥ years for the 
use of the Committee iu preparing final reports through the aid of stu¬ 
dents not inonediately connected with the cooperating institutions. .Fur¬ 
ther field work will be mainly dependent upon additional appropriations 
being made by the Porto Eico Government. 

The Committee gratefully acknowledges the continued financial aid 
generously given by ex-President Emerson McMillin and the cooperation 
of the many experts from other institutions. 

Eespectfully submitted, 

N. L. Bsitton, 
Ghaiman of the Committee. 


December 18,1916. 




MEMBEESHIP OP THE 
NEW YOEK ACADEMY OP SCIENCES 


HOKOEAEY MEMBERS 
31 Deoembee, 1916 

EJlected. 

1912. Feaxk D, Adams, Montreal, Canada. 

1889. Chaeles Babeois, Lille, Prance. 

1907. WiLLtAM Bateson, Cambridge, England. 

1901. Ohaeles Yehnon Boys, London, England. 

1904. W. C. BeSggee, Christiania, Norway. 

1876. W. Boyd Dawkins, Manchester, England. 

1913. Ohaeles D^pebet, Lyons, France. 

1902. Sir James Dewar, Cambridge, England. 

1901. Emil Fischee, Berlin, Germany. 

1876. Sir Abciiibald Geikib, Haslemore, Surrey, England. 
1909. El. P. 66bel, Munich, Germany. 

1889. Geoese Lincoln Goodalb, Cambridge, Mass. 

1909. Paul von Gboth, Munich, Germany. 

1894. Ebnst H.AOKEL, Jena, Germany. 

1912. Geoege E. Hale, Mt. WUaon, Calif. 

1899. JrLiTJS Hann, Yienna, Austria. 

1896. Felix Klein, Gottingen, Germany. 

1909. Aleeed Laceoix, Paris, France. 

1876. Yiktoh von Lang, Yienna, Austria. 

1898. E. Ray Lankesteb, London, England. 

1880. Sir Nobman LbcKYEB, London, England. 

1911. Eenst Mach, Munich, Gexmany. 

1912. Iliya Metchnikop, Paris, France. 

1898. Feidtjop Nansen, Christiania, Norway. 

1908. Wilhelm Ostwald, Gross-Bothen, Germany. 

1898. Albbeoht Penck, Berlin, Germany. 

1898. Wilhelm Ppepeeh, Leipzig, Gennany. 

1900. Edwabd Chaeles Pickebing, Cambridge, Mass. 
1911. Edwabd Bagnall Poulton, Oxford, England. 

1913. Sir David Pbain, Kew, England. 

1899. Lord Rayleigh, Witham, Essex, England. 
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E]ceoxbd. 

1898. Hans H. Eeusoh^ Christiania, Norway. 

1912, Sho WatasI, Tokjo, Japan. 

1904. TCart. von den Steinen, Berlin, Germany. 

1896. Joseph John Thomson, Cambridge, England. 
1900. Edward Btonett Taylor, Oxford, England. 

1904. Hugo db Veies, Amsterdam, Holland. 

1907. Jambs Ward, Cambridge, England. 

1904. WhiHelm Wundt, Leipzig, Germany. 

CORBESPONDING MEMBERS 
31 December, 1916 

1883. Charles Conead Abbott, Trenion, N. J. 

1891. Jose G. Aguilera, Mexico City, Mexico. 

1890. William De Witt Alexander, Honolulu, Hawaii. 

1899. C. W. Andrews, London, England. 

1876. John Howard Appleton, Providence, R. I. 

1899. J. G. Baker, Kew, England. 

1898. Isaac Baglet Balfour, Edinburgh, Scotland. 

^ 1878. AlLbxander Graham Bell, Washington, D. C. 

1867. Edward L. Bbethoud, Golden, Colo. 

1897. Herbert Bolton, Bristol, England. 

1899. G. A. Boulbngbe, London, England, 

1874. T. S. Brandbgee, Berkeley, Calif. 

1884. John 0. Beannbr, Stanford University, Calif. 

1894. Bohuslay Brauner, Prague, Bohemia. 

1874. William Brewster, Cambridge, Mass. 

1898. T. C. Chamberlin, Chicago, Ill. 

1876. Prank Wigglbswortii Clarke, Washington, D. C. 

1891. L. Cleeo, Ekaterinburg, Russia. 

1868. M. C. Cooke, London, England. 

1876. H. B. Cornwall, Princeton, N. J. 

1880. Charles B. Cory, Boston, Mass. 

1877. Joseph Crawford, Philadelphia, Pa. 

1895. Henry P. Cushing, Cleveland, O. 

1879. T. Nelson Dale, Pittsfield, Maas. 

1870. William Healey Dall, Washington, D. C. 

1885. Edward Salisbury Dana, New Haven, Conn. 
1898. William M. Davis, Cambridge, Mass. 
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SELECTED. 

1894. BtrTHVEiT Deane, Chicago, til. 

1899. Lotus Doled, Brussels, Belgium. 

1876. Henry IV. Elliott, Lakewood, 0. 

1880. John B. Elliott, Tulane Univ., La. 

1869. Francis E. Engelhakdt, Syracuse, H. T. 

1879. Hehhan Le Eot Fairchild, Rochester, N. Y. 

1879. Fheedrich Bernhard Fixtica, Marburg, Germany. 

1886. Lazarus Fletcher, Ijondon, England. 

1899. Eberhard Fraas, Stuttgart, Germany. 

1879. Eeinhold Fritzgartner, Tegucigalpa, Honduras. 

1870. Grove K. Gilbert, Washington, D. C. 

1865. Charles A. Goesshan, Amherst, Mass. 

1888. Frank Austin Gooch, Yew Haven, Conn. 

1868. 0. E. Grdenleae, San Francisco, Calif. 

1883. Marquis Antonio db Gregorio, Palermo, Sicily. 

1869. R. J. Leohmere Guppy, Trinidad, B. W. I. 

1882. Baron Ernst von Hesse-Wartegg, Lucerne, Switzerland 
1867. C. H. Hitchcock, Honolulu, H. I. 

1900. William Henry Holmes, Washington, D. C. 

1890. H. D. Hoskold, Buenos Ayres, Argentine Republic. 

1896. J. P. Iddings, Brinklow, Md. 

1875. Malvern W. Iles, Dubuque, la. 

1899. Otto JIkel, Greifswald, Germany. 

1876. David Starr Jordan, Stanford University, Calif. 

1876. George A. Koenig, Houghton, Mich. 

1888. Baron E. Kuki, Tokyo, Japan. 

1876. John W. Langley, Cleveland, 0. 

1876. S. A. Lattimobe, Rochester, N. T. 

1894. William Libbet, Princeton, Y. J. 

1899. Archibald Ltversidge, London, England. 

1876. George Maoloskib, Princeton, Y. J. 

1876. John William Mallet, Charlottesville, Va. 

1891. Cbcarles Eiboeg Mann, Chicago, Ill. 

1867. George F. Matthew, St. John, Y. B., Canada. 

1874. C h a rle s Johnson Maynard, West Yewton, Mass. 

1874. Theodore Luquebr Mead, Oviedo, Fla. 

18^. J. DE MendizAbal-Tamborrel, Mexico Oily, Mexico. 
1874. Clinton Hart Merrum, Washington, D. 0. 

1898. Mansfield Merriam, South Bethlehem, Pa. 
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Elected. 

1876. "WiLLiAii Gilblut Miatj.u, ^Jew lEavcn, Conn. 

1890. Eichabd MoLDCNKii!, Watehung, N. J. 

1896. C. Llotd MobgasTj Bristol, England. 

1^6J-. EmvAED S. Monsr, Salem, Mass. 

-. Eugen IS'btio, Gf^icssen, Germany. 

1866. Aleeed Kewton, Cambridge, England. 

1897. Ebancis C. 2 TIC 1 IOLAS, Xew York, IT. Y. 

1882. Henry Aleiied Alford IsTioholls, Dominica, B. W. I. 
1880. Edwaed J. Nolvn, Philadelphia, Pa. 

1876. JoniT M. Oedway, Hew Orleans, La. 

1900. Geoege ITow uin Paricee, Cambridge, Mass. 

1876. Stephen E. Peckham, New York, N. Y. 

1877. Eeedeeiok Prime, Philadelphia, Pa. 

1868. Eaphael Pumpelly, Newport, E. I. 

1876. B. Alex. Randall, Philadelphia, Pa. 

1876. Iea Eemsen, Baltiniom, Md. 

1874. Eobeet Eidgway, Washington, D. 0. 

1886. WiLLLAM L. Eobb, Troy, N. Y. 

1876. Samdel P. Sadtlbe, Philadelphia, Pa. 

1899. D. Max Sohlossee, Munidi, Germany. 

1898. W. B. Scott, Princeton, N. J. 
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It has been found that in a series of addition compounds like the 
ammoniates of PtCl^ that the diammoniate forms no ions, the tri- 
ammoniate furnished one Cl-ion, the tetra-ammoniate two Cl-ions and 
the hexa-ammoniate four Gl-ions. By examining the composition of 
these various complex ions it becomes apparent that for each additional 
XHj beyond one Cl is displaced. It also becomes evident that 

there is a constant grouping of six about the central Pt-atom. The co¬ 
ordination number is therefore independent of whether the groups are 
held by molecular or atomic valences. Many other complex addition 
compounds show tins same coordination value of six, others show coordi¬ 
nation number of eight. Basicitj' of an acid seems to be the difEerence 
between the coordination number and the atomic valence of the central 
atom. 

Molecular valence manifests itself in addition compounds which are 
electrolytes as equivalent to two atomic valences. This is well illus¬ 
trated in the constitution of ammonium chloride H——Cl, iu which 
the NHs enters in between the H and the Cl of the HCl. It therefore 
becomes evident that the molecular valence holding the ammonia and 
the HCl together manifests itself as equivalent to two atomic valences. 

The coordination number seems to be a function of the room or space 
about the central atom. Thus (NHj) PtClg exists in two isomeric 
forms and the double pyramid configuration proposed by ’Werner accounts 
for the two possible isomers of a disubstituted complex of this kind. 

Dr. Falk stated that he had studied the different ways in which the 
ester hydrolyzing enzyme, lipase, may be inactivated, including the action 
of acids, bases, neutral salts, alcohols, acetone, esters and heat. A con¬ 
sideration of these results led to the hypothesis that the active groupi- 
ing of lipase molecule might be due to a tautomeric fomr of the peptide 
linking, which rearranged to the ordinary form on inactivation. This 
view was tested by means of the action of alkali on inactivated lipase 
material, casein, and gelatine. Lipolytically active substances were ob¬ 
tained from all three. 

Professor Pegram gave a simple proof from the standpoint of tlie 
electron theory, that the seat of the E. M. E. in a unipolar induction 
apparatus is in the moving conductor, not in any stationary part of the 
circuit; the facts of unipolar induction are shown to be entirely con¬ 
sistent with the Einstein relativiiy theory. 

The Section then adjourned. 

Y. E. Levine, 

Secreiary. 
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SECTION OF BIOLOOV 
13 NoVElliJIK, 10L() 

The Section met at 8:13 p. m., Viee-Froi5i(lcnl II. \oii W. Seliulte pre¬ 
siding. 

The section made the following nominations Cor officers for lOlf; 

nhftirrriaTi of the Section and Vice-President of the Academy, Pro¬ 
fessor H. von W. Schulte, Department of Anatomy, Columbia University. 

Secretary, Professor W. K. Gregory, American Museum of Natural 
History. 

The Secretary was instructed to transmit these nominations to the 
Council. 

Upon request of the Secretary the Chair appointed a Committee of 
two, consisting of Professor Pike and the Chairman, to examine and 
correct the minutes of the meetings of the past year, for publication in 
the Eecords. 

The following program was presented: 

J. D. Keman and Oiir the AEcniTEOTOJUii oe Two Cetacean Skulls, 
E. von W. Schulte, Xipnius anb Kocita. 

W.D. Matthew, Some Pesults op Ambeioan Museum Exploea- 
TiONS POE Fossil Mammals Dueino the Past 
SUMMEE. 

SUMMAET OP PAPEK 

Dr. Eernan and Professor Schulte stated that the material for the 
following comparison of a skull of Kogia was from an individual about 
two-thirds grown, partially disarticulated, and a cranium of a full-term 
foetus of ZipMus caviroslris, both in tlio collection of the American 
Museum of Natural History. In ZipMus tho robust pterygoid was 
found to be composed of two synostosed and overlapping elements, one 
mesal and rostral, the other euadal and lateral. The former bears the 
hamular process and forms the rostral half of ihe contour of tho tubal 
notch. It also sends a process across tlie palate to articulate with the 
maxilla. The caudal element overlaps the rostral lateiully forming 
the caudal half of the tubal notch and extends to the basioccipital with 
the otocranial flange of which it articulates. Indications of this division 
were found also in the adult ZipMus, in Bemrdius and in Mesoplodon. 
In Kogia only a faint furrow in the tubal notch remained in the calf. 
These pterygoids axtieulale with the alisphenoid, but in the immature 
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bkull are not syno^totic with it. There was no ol)\ lous ptei-jgoid apophy¬ 
sis of the greater wing. Until younger and even embryonic material is 
available for study the interpretation of tliis complex must remain prob¬ 
lematic. In both genera a laehiymal separate from the malar was fomul 
in Ziphius caudal, in Kogia mesal to the expanded portion of the ktter 
element. In Kogia the frontal process of the maxilla enters extensively 
into the wall of the cardinal cavity, the frontal bone itself being com¬ 
pressed to a narrow plate between the maxilla and supraoccipital. In 
this character Kogia departs widely from Phyneter and the Ziphoids. 
Kogia also has no falciform process of the squamosal, in which again it 
differs from Phjseter and the Ziphoids. The tympanic expands latei’ad 
into a massive process which occupied the position usually taken by the 
mastoid region of the periotic. In this character all the Phyaeterinae 
agree. 

The architecture of the mandible in Physeterinae is characteristic and 
differs from that of the other odontocetes. The margins of the ramns 
are tliickened and proximad are connected with a crescent of thh'k bone 
which bears the condyle. The intervening region is reduced to a papy¬ 
raceous lamella. In othei odontocetes, including the Ziphoids, there 
is a tliickened axial portion of tlio ramus extending from the condyle to 
the dentigerous body of the bone. This character of the mandible and 
the peculiar masshe pterygoid would seem to be peculiar to the 
Physeterinffi. 

The Section then adjourned. William Tv. Gbegokt, 

f<ecretarii. 


SECTIOX" OP (JEOLOtrY AND MIN^EFtALOOY 
20 XOVTSMBEB, 1916 

Section met at 8:15 p. M., Secretary Chester A. llwds presiding. 

The minutes of the last meeting of the Section were read and approved. 
The following program was pr^ented: 

E. de Martoime, The Limestone Pl-vteaus op the Oatsses, Soxjtm- 
ESN PeANOE. 

Anna 1. Jonas, Pee-Cambeian and Tbiassic Diabase in Bastbhk 
Pbnitstlvanu. 

A. W. Orabaii, Stbatiquaphio Bblations op the OiL-PsoDcaNO 
TO tece Oil-Beaeiito Shales in the Paleozoic op 
I fOETH Ameeioa; Intolvino Niijw Tp^bdeV ,op 
Oil Disteibdtion. 
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Sl'MMAJRY OF PA1>EFS 

Professor de Blartonne stated that tli(‘ Caiisses arc lii^h limestone 
plateaus extending on the southern border of the highlands of (‘Ontral 
Frajice. It is one of the rare examples of a natural region with a popular 
name, extending exactly as far as the geological fonnations which control 
its physical aspects. Nobody can fail to notice the change in topography 
when entering the limestone area. AVater has disappeared from the sur¬ 
face, all valleys have become dry, many are changed into completely 
closed depressions called ^^sotch.^^ These depressions are the only places 
where you can find some red soil, and, in the spring, some water; for 
this reason they arc the only inliabited places on the plateaus. Sink 
holes, called ^^avens,” are frequent; they lead to very extensive caverns, 
showing alternation of domes and narrow galleries, streams with cascades, 
lakes, splendid stalactites and Btalagmitcs. There are not more than throe 
valleys with water (Tarn, Jonte, Dourbie). Their depths range from 
fiOO to 700 meters. Like the Canyon of tlie Colorado, they are cut in 
horizontal layers, showing benches in the weak beds (marls of iho Lias 
and Middle Jurassic) and cliffs in the strong beds (more or less dolo- 
mitic limestone of the Jurassic). The cross-section and the width of the 
valley depends on the height at wdiich the weak beds appear above the 
bottom. The total thickness of the Jurassic beds which built the Gausses 
is much greater than the depth of the ^ alleys. They have been dis¬ 
located by faults which can be very easily seen on the stony sides of the 
valleys, but do not ordinarily appear in the to])(>gTaphy of the plateau, 
although the displacement can amount io over several hundred meters. 
The rugged but nearly level surface of the plateau may be (‘onsldered as 
a peneplano^ slightly modified by underginund erosion and dissolution. 
From some well-selected i>oinls the continuity of ihe p]at<‘au of the 
(’ausses wdth ihe rolling surface of the highcHl summits of the (7evennos 
(Aigoual, Lozere) appears very clearly. At one point (Col do Ih^rjuretl 
you can walk across a great fault separating tli(» rlurassic ar(*a from tli(‘ 
(‘iTstalline massif on a nearly le^ol plain, while to the north and io ilu* 
south you see subsequent valleys and cuestas developed by recent ('rosion. 
At some points on the surface of the limestone plateaus old gravels com¬ 
ing from crystalline massif may be found. The plateaus of ihe Gausses 
seem to be a part of the highest and oldest of the three peneplano surfaces 
shown by Briquet and Demangcon in tlie central massif of France.^ One 

agree entlr^ with the proposal of Prof. D. W. Johnson concerning Iho suhatltu- 
tton of “peneplane*’ for “peneplain,**— E, de M. 

,aA, Demangeon, Le relief dn Llmonsln, Ann. de Ooographie, 1910, p. 120, A, Bri¬ 
quet, Snr la morphologie de la partle m€dlune el orlontale du Massif Central. Ann, de 
Ooographle, 1912, p. 80, et 122. 
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maj TTonder irhy only one cycle of erosion seems to have been developed 
in the limestone region since the late Miocene, ■while two are •shown in 
the crystalline area. The cutting of the main valley must have been 
^e^^’ rapid, while all secondarj' valleys became dry and many were 
changed into closed depressions; so that the surface of the limestone 
plateau suffered only slight changes by underground erosion. The great¬ 
est changes certainly did occur in the caverns, and it would be possible 
to trace the shifting of tlie base level by the study of some of them. The 
fact that the main ■s alleys cany water shows that they have reached the 
level at which torrential circulation in the caverns is relayed by a com¬ 
plete filling up of all hollows, some impermeable layers preventing a 
deeper infiltration of water. 

It may be proposed to use the word Gausses in speaking of lime- 
''tone plateaus similar to these described here, when the surface is dry 
and very few valleyb f-arrj’ water. One can distinguish between Low 
Gausses, High Gausses and the Alpine Gausses, referring to the depth of 
the valleys, the surface of the plateau being more rugged on accotmt of 
'tix)nger undermining by underground erosion, when the valleys are 
deeper. We have described High Gausses. The Dordogne and Lot 
cross the lower Gausses of Quercy. Alpine Gausses are frequent in the 
limestone Alps of Prance (Yereors) and Austria (Stoinemes Mecr, 
To<ltos Gebirge, etc.). 

Dr. Jonas stated that the region discussed occupies part of the Boyer- 
town and Quakertown quadrangles, eastern Peimsyhauia. The area lies 
in tlio Appalachian mountains, locally called the Boyertown hills, and the 
Piedmont plateau. The rocks of the Boyertown hills are a series of Fre- 
i-ambrian gneisses, mainly of igneous origin. The sedimentary gneisses 
are remnants of the Preoambrian floor into whicli are intruded an 
Igneous complex of granite, diorite, and gabbro. Harrow diabase dikes 
cut all the Precambrian rocks. The diabase is a fine grained, dark 
rock with ophitic texture, composed of plagioclase, augite, pyrite and 
biotite. Alteration of feldspar and augite has produced a dark green 
schist. The rocks of tire Piedmont plateau, lying southeast of the Boyer¬ 
town hills, are sediments and diabasic intrusions of the Triassic age. 
The sediments are the Brunswick conglomemte and shale, the upper 
member of the Trias. Into them is intruded a diabase sheet, about 1,000 
feet thick, locally called the Haycock Mountain sheet. It underlies a 
prominent "ridge” composed of rough hills which traverse the Quaker¬ 
town quadrangle. The diabase is for the most part a lightKJolored, 
coarse-grained rock, ■with ophitic texture, whose constituents are feld- 
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Spar (acid lahradorite), augito, magnetite anil biotitc. Pyrite and olivine 
are absent. A fine-grained type occurs on the edge of the sheet. The 
shale adjacent to the diabase ha= undergone induvaiion, crystallization, 
and change of color. Tliere are de\eloped in the round iiodnlcR of chlorite 
pscudomorphs after eordiente. In addition to the difference in grain 
between the diabase of the Haycock slicet and tlie dikes of the Boyertown 
hills, a difference owing to the greater size of the former intrusive mass, 
the Haycock diabase possesses certain characteristics by which it is dis¬ 
tinguished from the diabase of the Boyertown region. I’he most promi¬ 
nent characteristic is the freshness of the constituents of the diabase of 
the Haycock sheet; the diabase of the Boyertown hills has undergone 
marked alteration by suassuritization and chloritization, which has ob¬ 
scured the ophitic texture and dulled the rock and changed the color. 
Pyrite is absent in Haycock diabase, but is abundant in the diabase of 
the Boyertowfi hillh. Stratigraphic relations point to a diflerenee in age 
of the two diabases. Field relations prove the Triassic age of the Hay¬ 
cock sheet which has invaded Upper Triassic sediments. The diabase 
of the Boyertown hills nowhere penetrates to a horizon younger than the 
Preeambrian. Therefore the alteration prevalent in the diabase of the 
Boyertown hills may be explained by their Piecambrian age and the 
greater metaraorphism they have undergone. 

Professor Glraban stated that the thr(*e important oil-beaiing forma- 
fions which he has studied in detail are the Trenton liraestono, the 
Onondaga (Coraiferons) limestone, and tlie Upper Ucvonic oil sands 
of Pennsylvania. In all cast's it is shown that these formations grade 
laterally into black shales of sapropcliic origin, those shales being the 
source of the oil. Lateral migration along the bedding planes has re¬ 
sulted in the accumulation of the oil in the more porous limestones or 
sandstones in which they are found today. The bods which have pro¬ 
duced the oils are the Utica shale (in its broadest sense), the Marcellns, 
and the Ohio shales. The relation of the Utica-Trenton and of the Ohio- 
Portage relation is an interfingering one. The lower two shales are 
sapropelites; the upper more nearly a humulith, tliough having some 
sapropelitic admixtures. The significance of this relationship in the 
determination of oil-hearing horizons is apparent. 

The Section then adjourned. 

Ohestbr a. Ebbds, 

ffecretary. 
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SECTION OF ANTHEOPOLOGY AND PSYCHOLOGY 
37 Notembbh, 3916 

The Section met in conjunction with the New York Branch of^ the 
American Psychological Association at Columbia University. 

The following program was presented: 

L. S. HoUingworth, Eoholaiia ik Idiots : Its Meanikq bob Modebn 

Theories of Imitation. 

O. C. Myers, Shrinking of Images. 

J. 0. Bell, A Comparison of the Binet-Simon Tests of 

iNTrEEIGENOE AND THE SQHIBE QrADED MBNTAL 

Tests. 

SOMMABY OP PaPEBS 

Dr. HoUingworth stated that ocliolalia (which is a curious tendency 
found in aments and in certain insane patients to echo or repeat what¬ 
ever is said to them or in their hearing) has occasionally been described 
in the literature of pathological psychology, notably by Barr. The pres¬ 
ent paper describes three eases of echolalia in idiots, one case being a 
child of five years, the second a child of eleven years, and the third a 
man of about thirty years. These patients diowed marked ability and 
tendencj’ to repeat automatically whatever was said to them, revealing no 
understanding of the question-response situation. Instead of replying 
to questions, they simply repeat them mechanically. Such cases are of 
great interest in connection with modem controversies about the nature 
of imitation in man. Professor Thorndike has recently called into ques¬ 
tion former ideas about imitation, and has debated the propriety of its 
inclusion, as a general tendency, among tlie instinctive tendencies of man. 
Professor Montague has made persuasive objection to Professor Thorn¬ 
dike’s discussion and final conclusion, holding that the potency of be¬ 
havior to produce similar behavior in witnessing human beings cannot 
be satisfactorily explained on the gi-oimd of a few specific inherited ten¬ 
dencies plus the laws of habit foimation in general. Does the behavior 
of our three idiots furnish any new light to the controversy ? It would 
be desirable to have much more information about the development and 
modifiability of tlic echolalia which thev showed. However, it is very 
difficult to see how their tendency to duplicate behavior eJ 5 )erienced is to 
be explained except on the basis of instinctive imitation. The patients 
were idiots, incapable of adapting themselves independently to oven very 
simple situations, or of understanding the significance of what was said 
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to them. Their “echoing” would seem to be inexplicable by the laws of 
habit formation in general, or on the basis of any specific inherited ten¬ 
dencies. Tf wo e.xplain the behaxior of such patients as due to an instinct¬ 
ive tendency to imitate, shall wo assume that tliey sulfcr from some char¬ 
acteristic lesion, which sets them apart as a separate species? Or does 
their reaction indicate the presence of an instinct which is an element in 
the original nature of man, and is distributed according to the curves of 
probability? 

Professor Myers stated that eight studeiUs of Columbia Unirersity, 
under certain standardized conditions, cut threads which represented 
one of two dimensions of some familiar object, voluntarily selected, 
which could not bo seen <luring the e.\pcrimcnt. These threads were 
placed between the pages of a magazine where the date and introspections 
were recorded. One subject first imaged tactually, then visually; the 
rest, as a rule, imaged visually. Some imaged once a day, some twice 
and some three times, until they each had about fifty records. Later 
these threads were measured in millimeters by the writer. 

Pour other subjects thus imaged ten familiar objects successively for 
six continuous hours, of whom two later selected an arbitrary thread 
length and repeatedly cut threads for one hour to equal the memoiry 
length of that thread. Pive more did the same for one-half hour. 
Twelve subjects, for one hour each, also imaged an object which had 
been presented before the e.vpcriment began. Its dimensions were 238 by 
44 mm. These dimensions, whii-h wore voluntarily selected, ranged from 
34 inches to about one inch. 

Curves were prosentod of individuals and of tin* gi'oup of twelve. 
Although there wore considerable individual dilTcrmices there wore no 
exceptions to the rule Unit the general tr’eml of the curve was downward. 
Moat resembled the learning curve. The ciirvi‘s for lt>ng(h and width 
wore remarkably parallci. 'flu* sizes of tlie olijcci imaged, as tv rule, were 
gi’eatly underestimated, ^rhis was only a preliminary re|)ori. 

Mr. Bell stated that the Bluet tests have been criticized been use of the 
trivial nature of some of the tests, the iirrangemout of live tests, and tho 
mental age of the pupil. The Squim tests woi-o eonslniciod with greater 
regard to psychological analysis, but have boon used as a graded series 
only by Mrs. Squire herself. It was proposed to investigate tho relative 
values of the two series of tests for school purposes. Both were given 
to twenty-tliree elementary pupils in gi-ades four to seven, inclusive; 
three from each half grade except the high seventh, where only two were 
available. Ifo retarded pupils were includi'd. By the Binet tests the 
mental ap of the pupils ranpd from one year below their chronological 
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age to fom’ years above. To reduce the results of the Squire tests to a 
single expression for each pupil the highest score in each test was placed 
equal to 100, the lowe&t equal to 0, and the other scores were reduced to 
corresponding values. The results for each individual in the eighteen 
tests were then averaged for a final score. The Pearson coefiScient of cor¬ 
relation between these scores and the Binet mental ages was .70. The 
Binet tests were found superior, because they could be given in one- 
fourth the time required for the Squire tests, because the interest of the 
pupil was maintained at a higher pitch and because the results were more 
easily interpreted. 

The Section then adjourned. R. H. Lowie, 

Secretary. 


BUSINESS MEETING 
IS Decembeb, 1916 

The Academy met at 8:16 p. xi., at the American Museum of Natural 
History, Secretaiy Y. E, Levine, Section of Astronomy, Physics and 
Chemistry, presiding. 

The minutes of the last meeting were read and approved. 

The following candidates for Active Membership in the Academy, rec¬ 
ommended by the Ooimcil, were duly elected: 

H. E. Anthony George«i Croze! 

Charles D. Atkins Otto H. Klein 

Morton L. Byers John De TTitt Sterry 

The Secretarj" repoiied the following death: 

Prof. F. J. H. Merrill, Active Member since 1886, Life Member 
since 1915, died 1 December, 1916. 

The Academy then adjourned. Henry E. Craxii^ton, 

Acting Recording Secretary. 

SECTION OP ASTRONOMY, PHYSICS AND CHEMISTRY 
4 December, 1916 

Section met at 8 :2 b p. xr., Secretary Y. E. Levine presiding. 

The following program was presented: 

Victor E. Levine, Chemical Reductions in the Living Organism, 
Clement S. Brainin, Comparative Intensities of X-eays prom 
Various Metals. 
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Summary of Paper 

Dr. Brainin fctated that X-radiation ib a by-product of the collision 
between atoms and fasl-iiioving electrons. X-rays are electromagnetic 
ether^ waves like light wa\es, differing from them only in wave-length 
and frequency, the wave-length o£ light being about .00005 cm. and that 
of X-rays of the order of .00000001 cm. 

We distinguish two classes of X-rays: 

1. Characteristic or homogeneous rays, which are emitted by a metal 
when hit by electrons of proper velocity for that particular metal, which 
in turn is determined only by the atomic weight (or number) o£ the 
metal. These rays are all of the same wave-length. 

3. General radiation, which consists of rays of many different lengths, 
like a spectrum from an incandescent solid. The voltage impressed on 
the tube determines both the intensity of emission of any particular wave¬ 
length and the length of the shortest wave present in the X-ray spectrum. 
This can he determined from Ihe formula (potential) (electronic 
charge) = (Planck^s constant) (frequency of wave). 

In these experiments the anode was a hexagon, on each side of which 
a different metal was attached, and which could bo magnetically rotated 
to bring the different metals under the electron stream. The X-rays 
passed out of the tube through a mica window .001 cm. thick into an 
ionization chamber, which completely absorbed the rays for all potentials 
used. The intensity was measured by the usual ionization method. 


The following table sliows 

metals 

xisod 

and 

critical voltages for pro- 

ducing characteristic rays of 

each: 




Platinum (atomic 

weight, 


about 

300,000 volts, 

Tunj^Hton ** 

it 

184 

it 

95,000 “ 

Silver 

it 

lOS 

ht 

25,500 “ 

Molybdenum “ 

it 

9S 

ft 

19,500 “ 

Copper “ 

<i 

B4 

it 

12,000 “ 

Cobalt 

t< 

50 

ti 

10,000 “ 

The following table shows 

relative 

emissivily 

of these metals at differ- 


ent voltages in descending order: 


5,700 

8,200 

10,000 

10,700 

12,800 

14,200 

17,500 up to 40,000 

Pt| 

Pt 

Pt 

Pt 

Pt 

Pt 

Pt 

Agi 

Ag 

Ag 

Agl 

W 

W 

W 

W 

W 

W 

w f 

Ag 

Co 

Co 

Mo 

Mo 

Mo 

Co 

Co 

Ag 

Cu 

Cu 

Cu 

Co 

Mo 

Mo 

Cu 

Ag 

Co 

Co 

Cu 

Cu 

Cu 

Mo 

Mo 


V. B. LmNE, 

Secretary. 
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SEOTIOX OF BIOLOGY 
11 Decehbeh, 1916 

Section met at S :15 y. ir.. Tice-Presitlent H. von "W. Schnlte’ pre¬ 
siding. 

The following program was presented: 

H. D. Senior, The Development or the External Iliac Arteet 

IN ilAN. 

Halsey J, Bagg, The Genetics or CrRTAiN Types op Animal Be- 

HATIOB. 

John T. Nichols, Development and Distribution or Feesh-watbb 

Fishes in Apbica. 

Summary or Papers 

Professor Senior stated that in man and pig the femoral artery is not 
developed directly from the hypogastric, as described by Hoehstetter in 
cat and rabbit,^ but that the femoral and inferior epigastric arise from 
a common stem (the external iliac), which antedates them both consid¬ 
erably in development. 

The external iliac arises from the lateral side of the hj'pogastric and 
is qnite independent of the t-egmental arterial system. It takes a longi¬ 
tudinal course, crossing medial to the root of the obturator nerve in the 
cephalic direction. During the considerable period of development which 
precedes the origin of the femoral and inferior epigastric from it, its 
walls become progressively thickened by condensation of the adjacent 
mesenchyme. 

The femoral artery, when it has once appeared, very rapidly extends to 
the popliteal fossa and there taps the ischiadic. The external iliac, on 
the contrary, scarcely alters in appearance between the human stages of 
8.6 and 13 mm., and between the stagC'^ in pig of 10 and 13 mm. or 
somewhat later. 

EeconstiTictions are shown of this vessel in human embryos of 8.6 and 
13 mm. (crown-rump measurement), and in pig embij’o of 13 rnm 
(greatest total length). In none of these stag® is the femoral present. 
In a reconstruction of a human embrv-o of 13.6 (greatest total length) 
the femoral and inferior epigastric arteries are well developed, and the 

> t’eber die nrapningllche Hanptachlngader der hlnteren Glledmame des MawhcIw " nnd 
der SaOfjerthlere, u. s. w.. Morpholog; Jahth., Bd. 16, S. 800, ISW). 
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foiniei* lias alix^adj tappucl Iho ibchiadic in the popliteal losba. Wlietlior 
tbe femoral arise bofon' the inferior opigasiric from the external iliae, ot 
rice rersa, or whether they arise bimiiltaneously, has not been ascertained 
from lack of Miital)le material. Should the femoral arise prior to the 
infewor epigabtric, it would by no ineams invalidate the fact that the 
external iliac is not mei*c‘ly the root of the femoral, but a separate vessel 
hating a de\elopiuental history quite peculiar to itself. The external 
iliiK' Is the second branch (in time of development) of the hypogastric, 
the isc'hiadic (inferior gluteal) being the Iirst. Before the femoral arises 
from the external iliac there are four branches of the hypogastric, viz., 
ischiadic, external iliac, internal pudenal, and su})erior gluteal. 

Mr. Ba^g stated that llu‘ ])lan of the experiment is to measure indi¬ 
vidual diirorcnces in behavior in various strains of mice; to determine 
the extent to wdiicli an animal whicli departs from the average in one 
direction will depart in others; to measure the resemblance in familic'^ 
and in lines of descent, and to determine tho degree to which kinds of 
conduct can be established in family linos by sideciion. Results ]ia\e 
been so far obtained for over two hundred mice that were tested in two 
types of mazes. Striking individual dillcrences have been noted for 
various tasks, and an apparent resemblance between mice belonging to 
the same litter was found to be nearly twice as groat as liotween un¬ 
related individuals. There appears to be a considerable diilcronce amoiiif 
strains of mice, and the sex diirerences, if any, are sliglit. 

Eight generations of mice have been so far obtained, and the geneticb 
of the problem has rosohed iisolf into a study of tlie oilspriiig obtained 
from mating animals that are quick to learn with those sltiw to learn, 
those that an^ quick with ((uick ones, ajid slow w'iili slow ones. The 
effects of inbreeding and outbreeding are also being l(*sled. 

Mr. Nichols stated that the comparative developimMit of the groups of 
Ostariojibysous fishes in Afriea and related families indicates tlxat the 
Monnyrids are a remnanl of an earlier ichlhyfauiia, and that of tho more 
modern groups the Calfishcs came first, then the C^iaracinas; the in¬ 
vasion of Carps is veiy recent and still in progress. 

Tn comparmg the condition found in South America the absence *»f 
Carps is accounted for by recent isolation of that continent by sea, the 
development of tlie Gymardiids by absence of similar Mormyrids, and the 
diversified development of Catfishes by supi)osing them to have been the 
first frosli-w’ater family in the field. 

The Section then adjouniod. 

William 1C. Gukoohy, 

Secrefary, 
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AX^T"AL MEETIXG 
28 Uece^jtbkr, 1916 

The Academy met in Annual Meeting on Monday, 18 December, ^1916, 
at the Hotel Manhattan, at the close of the Annual Dinner, .President 
Michael I. Pupin presiding. 

The minutes of the last Animal Meeting, 20 December, 1915, were 
read and approved. 

President Dr. Michael I. Pupin delivered the annual address, en¬ 
titled ‘‘The Fniversit}' and Industrial Besearch.'^ 

Eeports were presented by the Corresponding Secretarj', the Aetuig 
Eeeording Secvetarj', the Librarian, and the Acting Editor, all of which 
were received and ordered placed on file. 

The Treasurer^? report showed a net cash balance of $1,710.58 on 
hand 30 Xovember, 1916. On motion, this report was received and re¬ 
ferred to the Finance Committee for auditing. 

The Acting Secretary presented an infonnal report of the activities 
of the Committecb on the Centennial Celebration. It was stated that 
the membership of the Academy was to be increased to one thousand, that 
a history of the work during the past century was to be prepaxed, that 
meetings and a general exhibition showing the progress of science would 
be held during the second week in May, 1917, and that a fund of one 
hundred thousand dollars was being raised for the suppoid of scientific 
activities, like the Porto Eieo Survey. Contributions of $5,000 each 
by Professor X. L. Britton and President M. I. Pupin had already been 
promised. 

The following members of tlie Academy were elected Fellows, the Sec¬ 
retary being authorized to cast a single affirmative ballot for the list as 
presented: 

Carl E. Akeley, American Museum of Xatural History, 

H. E. Anthony, American Museum of Xatural Historj’, 

John J. Cartj\ 15 Dey Street, City, 

Mary C. Dickerson, American Museum of Xatural History, 

Pliny E. Goddard, American Museum of Xatural History, 

Charles B. Going, 140 Xassau Street, City, 

Otto H. Klein, 127 TTorth Street, City, 

Hideyo Xnguchi, Bockefeller Institute, 

George B. Pegram, Columbia University, 

Walter Eaxxtenstrauch, Columbia University, 

Phinehas V. Stephens, 1258 Morris Avenue, City. 
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The Aeatlcmy then proceeded to election of ollicers lor 11) li. The 
ballots prepared by tin* Council in accordance with the By-Laws were 
distributed. On inotioji, the Secretary was authorized to cast a single 
affinnathe ballot for the list of nominees as presented: 

President: Michael Idvousky Puiun. 

Vice-Presidents: Douglas W. .ToirusoN (Sectio)i of Ueology and 
Mineralogy), Heemank voir W. Schulte (Section of Biology), 
Behest E. Smith (Section of Astronomy, Physics and Chem¬ 
istry), J. MoKbast Cattell (Section of Anthropology and Psy¬ 
chology). 

Corresponding Secretary: Heney B. Ceami’tox. 

Treasurer: Heney J. Coohean. 

Librarian: Ealph W. Toweb. 

Editor: Ealph W. Towee. 

Councilors (to serve three yearn): John H. Baenii.vet, (Jeoege 
B. Pegeam. 

Finance Committee: John Tatlock, Bashpoed Dcvn, Fruderic 
S. Lee. 

On motion, the appointing of a Eeeording Secretaiy was referred to the 
Council for action. Subsequently, by the authority of the Executive 
Committee, Ealph 'W. Tower was elected to this office. 

A report on the work of the Porto Eico Survey was read by Professor 
H. L. Britton, Chairman of the Porto Eico Committee. It was voted 
that this report be received and placed on file. 

The following illustrated accounts of recent scientific acHvilies were 
then presented before the Academy: 

, Peop. Charles P. Bkukey, “The Ceological Ilistoiy of Porto Eico.” 
Dr. Herbert Spxnden, “Ethnic Eolations Bctwe('n Porto Ftieo and 
Venezuela.” 

Me. 0. WiLLi.\M Beebe, “Zoological Studios of Brilish Oiiiana.” 

The Aea<lemy then adjourned. Heney E. Ciumpton, ’ 

Acting Recording Reorelarg. 

EEPOET OP THE COEEESPONDIHG SECRETARY 

"We have lost by death during the past year tlio following llonoraiy 
Members: 

George W. Hill, elected 1898, 

Sir Henry Enfield Eoseoo, elected 1887, died 18 December, 1915, 

and one Corresponding Member: 

George Murray, elected 1898. 
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There are at present upon the rolls 40 Honorary Members and 111 
Corresponding Members. 

Bespectfully submitted, 


Heoty E. Crampton, 
Corresponding Secretary. 


EEPOET OF THE EECOEDING- SECEETAET 

During the year 1916 the Academy held 8 business meetings and 28 
sectional meetings, at which 73 stated papers were presented, as follows: 

Section of Astronomy, Physics and Chemistry, 15 papers; Section of 
Biology, 21 papers; Section of Geology and Mineralogy, 17 papers; Sec¬ 
tion of Anthropology and Psychology, 20 papers. 

At the present time the membership of the Academy is 687, which 
includes 666^ Active Members (of whom 23 are Associate Members, 132® 
Fellows, 108 Life Members and 11 Patrons) and 21 JTon-Eesident Mem¬ 
bers. There have been 6 deaths during the year, 13 resignations have 
become effective and one name has been dropped from the roll. Two 
names have been transferred to Xon-Eesident Membership. Two hun¬ 
dred sixteen new members have been elected during the year and eleven 
have commuted their annual dues by a single payment of $100 each. 
One name has been transferred to the Life Membership list on account 
of the payment of Annual Dues for a period of twenty-five years. One 
Associate Member has taken up Active Mjembership. As the member¬ 
ship of the Academy a year ago was 491, tliere has been a net gain of 196 
during the year of 1916. Eecord is made with regret of the loss by 
death of the following Active Members : 

James G. Cannon, Active Member since 1910, 

G. Langman, Active Member since 1899, 

Hon. Seth Low, Active Member since 1876, 

P. J. H. Merrill, Active Member since 1886, 

Nathaniel 0. Nash, Active Member since 1910, 

Ignaz Matausch, Active Member since 1914. 

Bespectfully submitted, 

Henry E. Orampton, 

Acting Becordmg Secretary. 

^ Zncludinj: 22 members elect and one Associate made Active to begin 1917. 

® To this number must be added the eleven Fellows elected at the Annual Meeting, 18 
December, 1916. 
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REPOirr OF TUB LIBRARIAN 

It is doubtful if in the history of iho Now York Academy of Sciences 
the library has been hO much used by scientists and naturalists in the 
vicinity as during the year just past. The files, in conjunction with 
those of the American Museum of Natural History, now form a remark¬ 
ably complete library in the subject of Natural Historj^ as well as in 
the proceedings of the Learned Societies of the world. 

The uncertainty of the foreign mails and the disturbed political situa¬ 
tion in Europe ha\e caused an almost complete cessation of exchanges 
with that part of the world; on the other hand, opportunity has thus 
been afforded for promoting a more intimate affiliation witli our sister 
societies in South America. 

Respectfully submitted, IUlph W, Toweu, 

Librarian, 


REPORT OF THE EDITOR 


The parts of the Annals which have been published this yc*ar arc as 
follows: 


Tolume XXV 


L, B. W. Benedict—A Study of Ba^yobo (Vremouial, :Ma£de and Myth... 1-308 


YoLvm XXVT 

B. 0. Hovey—Records of Moetinpjs of the Academy.3i>5-4C2 

Memborhliip of tUe A<ademy. 46S-474 

Index . t7r)-480 


Volume XXVII 

T. Barbour—Some Remarks upon MalthOAvN “riiinate and Evohdion/’ 

with Supplemental Note by W, Matthew. 1-13 

J. A. Allen—An Extinct 0<*todont from the Island of Porto Hi<*o. 17-22 

W. D. Matthew—^New Slrenian from the Tertiary of Porto Ri(‘o. 23-29 

0, C. Mook—A Study of the ‘Morrison Fomation. 31-38 

H. R Anthony—Preliminary Report of Fossil Mammals fr<an Porto • 

Rico. 39-101 


There arc likewise in press two papers, one by Warren S. Smith, en¬ 
titled 'Thysiography of the Skykomisli Basin, Wasliiugtoii,’’ and the other 
by J. Alden Mason, entitled “Tepecano, a Piman Language of Western 
Mexico." The Publication Committee has accepted for publication a 
paper by H. E. Armstrong, entitled ^'Operating Features of the Audion." 

Respectfully submitted, 

Henry E. OR.iMPTON, 

Acting Editor, 










RECORDS OF MEETJE08 


309 


REPORT OF THE TREASURER 

MEMBERSHIP 

Paid up, Active Members (174 of these were elected after 1 May and paid 

$6 for 1916).304 

Paid up, Assodate Members.*. 18 

Delinquent Active and Associate Members. 37 

Life Members and Patrons. 119 

Members elect (not yet paid dues). 2S 

RECEIPTS 

December 1,1915— November 30,1916 

Cash on hand, December 1,1915. $488.17 

Life Membership Fee^. 1,100.00 

Income from investments: 

Interest on mortgages on New York real estate. .$851.82 

Interest on railroad and other bonds. 1.350.00 

- 2.201.82 

Interest on bank balances. 30. ^ 

Active membership dues, 1908. $10.00 

» “ “ 1909. 10.00 

“ “ “ 1910. 10.00 

“ “ “ 1911. 30.00 

« « " 1912. 20.00 

« “ « 1913. 20.00 

“ « « 1914. 50.00 

“ “ “ 1915. 215.00 

** “ 1916... 3,810.00 

“ “ “ 1917. 1J>5.00 

- 4.350.00 

Associate membership dues, 1915. 0.00 

« « “ 1916. .54.00 

- 60.00 

Sale of publications. 209.33 

Contribution to cost of publication. 250.00 

Subscription to annual dinner (1915). 302.50 

Porto Rico Snrvey (subscription). 1,000.00 

Porto Rico Government (refund of advances made on account of 

field expenses). 1,600.74 

Cash on note in bank. 1,000'.00 

Total. $12,693.18 

DISBURSEMENTS 
December 1,1915— November 30,1916 

Publications on account of Annals... $1,887. CS 

Publication of Bulletin. . 680.55 
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Ay.\ \Lti NEW YOIih {C{l)EMV ON 


Recorclinsr Se(Tot«ry’s expoiisos. 

Reoordintc Sof-rotary’s and Editor's allowance. l,.‘>7r).00 

Esther Herrmaii Research Fund grants). HSO.OO 

John Strong Nowherry Fund f granth». 100.00. 

General expenses. 10.1.45 

Anndal meeting and dinner 11015). -101, tlO 

Porto Rico Survey (advances on field expenses). 3,383.80 

Section of Geology’ and Mineralogy. 28.00 

Centennial Celebration—^Membership (^aini)aign. 1,(KJ2.<50 

Payment of note in bank. 1,000.00 

Interest on note In bank... 13.45 

Cash on hand. 1,770..58 

Total.$12,.50.3.18 


Ralanck Subjh, Xo\bmi^rb 30, 1010 


Investments (< osti . . .. .'^12,.3.32.02 Permanent Fund.$24,754.00 

Cash on haiuL. 1,770.58 Publication Fund. .3,000.00 


Audubon Puiicl. 2.500.00 

Esther IleiTJuan Research 

I^hind. KMMMl.OO 

John Strong Newberry 

Fund. 1,000.00 

Ineome Audubon Fund. 885.08 

Income Newberry Fund_ 104.49 

Income Esther Ilerrmnn 
Fund . 1,700.27 


$t4,10;3..5d 


$41,103,50 


PUOPERTV 

Lflinpe Mortgage. 

Deaue-Brennan IVfortgtige. 

4 Detroit City Gas Co. bonds. 

3 Grand Rapids this Light C(». bonds. 

20 Madison Gas and Ele<‘trlc (^o. ImuhIs. 

1 Binghamton Gas and Electric (k>. bond. 

1 Qnebec-JaiHpies Carthw EIe(*trJc Co. bond.. 

1 San Antonio Traction Co. bond. 

1 San Antonio Gas and Electric Co. bond. 

5 J\ S. Steel Corporation bonds,.. 

Particii>ation bond of Lawyer's’ Mortgage Co. 

RosiKK'tfully submitted. 

15 PEBBUARy. 1917. 

Examined and found to be coiTecl. 
John Tattook. 

Bashfori) Dkan» 

Avffitinfl Committer, 


Cost 


.at 5 

IKT 

cent.. 

$12,(HK1.00 

.at 5 

per 

(•(‘III.. 

tmtJtT 

.at 5 

per 

cent.. 

4,Of K), IK) 
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cent.. 

2,8,80. (K) 
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cent.. 

10,400.fK) 

.at 5 
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emit.. 

5)0(5.00 
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cent.. 
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cent.. 

487..50 

.at 5 

per 

cent.. 

487.50 

.at 5 

l>or 

cent.. 

5,081.25 

.at 5 

per 

(*ent.. 

1,000.<H) 


$42,3.32.02 
TTkNRY J. C’OCITRAN, 

Tmifiurer, 
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EEPOET OF THE POBTO PICO COilMlTTEE 

Hnder the direction of the (.^ommittee of the A<'ftdemy appointed in 
1913 w'ork oJi the scientific survey of Porto Bico has been continued 
during the year in many brandies of the subject, both in the field and 
in the laboratory and in the preparation of preliminary papers and of 
the final reports. 

x\real geological sui'acvs ha\e been carried out by Mr. Bela Hubbard 
in the northvre^^tein part (jf the island, which iiududed, anumg other 
points of special interest, tlic stiid\ of a stratum at the ba^e of the Ter¬ 
tiary series of the island ])re\ioudy dete(‘ted by Dr. V, A, Eeecls, con¬ 
taining large nninbeiv of IosmI ])Iant^: this discovery, I)eing the first indi¬ 
cation of the occurrence of Tertiary fo^^sil plants in the AYest Indies, is 
of great interest, and the study of the fossil leaves ma\ ui\e us our 
first knowledge of the ancestor^ of ^olne tropical plants; the collections 
have been referred to Dr. Arthur Ilollick for studj. Dr. Cliarlcs 1?. 
Fettke carried out an areal hiirvey of the southwebtern districts, which 
included a detailed study of the large areas of erupthe rocks in that part 
of the island. Mr. A. K. Lobeck studied the physiographic gool(»gy of 
the whole island. The reports of Mr. Douglas IJ. Semmes on the areal 
surTej" of the fSan Juan District, and that of Mr, Edwin T. Hodge on 
the Coamu-Guayaina dibtricl, based on their fi(dd work of the pre^ious 
season, are completed and ready for publication. Progress has also been 
made in the study of the palaeontological collections made by the several 
field expeditions, and data relali^e to economic geology are beimr assem¬ 
bled. 

In botany the most important field work accomplished was the expe¬ 
dition of Professor H. H. Whetzel, of Cornell Univei-bity, and Dr. E. W. 
Olive, of the Brooklyn Botanic Garden, for tlie study ami collection of 
parasitic fungi, which was prolific in resnlts, their collections including 
several himdred specimens, which are under investigation bv a number of 
different experts. The Uredineje (rusts) of this large collection, taken 
together with the specimens of this family previously colle('ttHl, liave 
enabled Professor J. C. Arthur to prepare a noteworthy ])aper on this 
group for early publication. Professor F. L. Stevens has piihliahecl 
during the year his monograph on the Porto Bican species of the genus 
MeJioliL Additional general collections by Mr. dobu A. Stevenson, of 
the Insular Ex])eriment Station at Bio Piedras. ]mvx» added to our knowl¬ 
edge of a number of plants. YTork on the manubcnjrt for the final re¬ 
ports has l)een continued l)y sevei'al botanists, and a large number of 
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specimens have been returned to Porto llieo and are deposited in the 
herbarium of the Insular Experiment Station. 

In zoology stud\ has boon continued by sor oral invobtigators from Uie 
collections already made; they plan coordinating the results already 
reached, and thus ascertaining where the gaps exist which need to be illed 
by further field operations. A large collection of mollusks has been 
returned to Porto Eico for installation in the new museum room in the 
Carnegie Library Building at San Juan. Very important preliminaiy 
papers on the fossil mammals obtained by our collectors from the fioors 
of caves have been published in the Annals of the Academy by Dr. J. A. 
Allen, Dr. W. D. Mattliew and Mr. H. E. Anthony, including the de¬ 
scription of an apparently new family, a now genus, and sevoial new 
species, results which were entirely unexpected. The study of the rich 
entomological collections, by several experts, has yielded scientific in¬ 
formation of high importance and several preliminary papers are in 
course of preparation. 

The study of the anthropological collections made during 1915 has 
yielded proofs of the use of some of the caves as burial places by the 
aborigines, and the great quantities of one of the few species of extinct 
mammals found in the caves indicate this animal was extensively used 
by them for food. Eurther progress was also made on the survey of tlic 
ancient settlement of Capa, the most important of hll archeological local¬ 
ities thus far examined in Porto Eico. The reduction of the anthropo¬ 
metric data obtained has been continued; these are as yet incomplete, 
requiring additional field observation; their completion would gire us 
information regarding the differences in the rate of physiological and 
mental development of cliildren hero and in the temperate zone, which 
would be of highly educational importance in arranging school eurrieu- 
Imns in Porto Eico. The voluminous folk-loro records accumulated in 
1916 by Mr. J. A. Mason have been referred to Professor Aurelio M. 
Espinosa, of Leland Stanford University, who reports that this material 
is more extensive tlian all hitherto published Spanish folk-lore literature, 
and that it gives us for the first time the means of a careful comparison 
of Spanish and other European folk-lore. Dr. Herbert J. Spinden prose¬ 
cuted ethnological observations in several parts of the island duiing the 
season, and made extensive additional collections. 

At the request of the Committee, the Council of the Academy ha'^ 
set aside volumes of the Annals, commencing wiih "Volume 33, for the 
final Porto Eiean reports to be published in the sequence: (1) Geology 
and Invertebrate Palffiontology, (3) Botany, (3) Zoology and Vertebrate 
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Palssontology, (4) Anthropology, and, pursuant to another request of 
the Committee, the Council voted to reserve as much of the iuo nTU ft of 
the Hemnan Fund as may be practicable for the next fe¥ years for the 
use of the Committee in preparing final reports through the aid of stu¬ 
dents not immediately connected with the cooperating institutions. * Fur¬ 
ther field work will be mainly dependent upon additional appropriations 
being made by the Porto Rico Government. 

The Committee gratefully acknowledges the continued finannifll aid 
generously given by ex-President Emerson McMillin and the cooperation 
of the many experts from other institutions. 

Respectfully submitted, 

N". L. Beittoit, 
Chairman of the Committee. 

December 18,1916. 
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